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FOREWORD

These proceedings summarize the highlightsfrom theSecond National Symposium on Zntegrated Transportation
Management Systems. The Symposium was held on May 8 through May 10, 1995, at the Crowne Plaza Hotel in Seattle,

Washington. The Symposium brought together individuals from throughout the country to discuss the status of Integrated
Transportation Management Systems (ITMS), to identify the issues and opportunities associated with the deployment of
ITMS, and to develop action steps to accelerate the advancement of ITMS,

The Symposium was sponsored by the Transportation Research Board (TRB) of the National Research Council in
cooperation with the Federal Highway Administration, the Washington State Department of Transportation, the City of
Sedttle, King County Metro, and the City of Bellevue. 1t was co-sponsored by the Institute of Transportation Engineers
Intelligent Transportation Systems (ITS) Council and various ITS America Committees.

The Symposium opened with the presentation of seven resource papers defining the key elements of ITMS. The
benefitsof ITMS, selected case studies, and major issues were discussed at other general sessions. The 194 participants
then spent a half-day in workshop sessions discussing the critical issues and opportunities relating to ITMS deployment
and developing an action plan for future activities.

The issues identified in the workshops were ranked by al participants at the closing session.  The listing of priority
issues and activitieswill be used by TRB, ITS America, the U.S. Department of Transportation, and other organizations
to help ensurethat ITMS is devel oped and operated to maximize the benefitsto al groups. The results will also be used
in planning other conferences, including TRB's Third National ITMS Symposium to be held in Boston in June of 1996.

A number of people contributed to the success of the Symposium and deserve recognition. First, | would like to thank
the other members of the Symposium Planning Committee for the time and effort they put into organizing and leading
different parts of the Symposium. Second, the authors of the resource papers and the speakers did an excellent job of
summarizing the key elementsof ITMS. Third, the moderators and recorders provided valuable assistancein facilitating
the workshop sessions. Fourth, the TRB staff-especially Rich Cunard, Catha Stewart, Angelia Summons, Reggie
Gillum, and Anita Brown-did an outstanding job handling the logistics for the Symposium.  Findly, | would like to
thank all of the participants for sharing their concerns, ideas, and visions related to ITMS.

These proceedings are intended to help facilitate the development of a strategic agenda to assist in the successful
deployment of ITMS. | hope these proceedings will be of help to all groupsinvolved with planning, designing, funding,
and operating ITMS. Y our involvement in future activities will be critical to advancing ITMSto help address the major
transportation problems facing metropolitan areas today.

Leslie N. Jacobson
Planning Committee Chair



CONTENTS

SYMPOSIUM OVERVIEW-Ledlie N. Jacobson and Katherine F. Tumbull . .. ... ...............

OPENING SESSION-What Are Integrated Transportation Management Systems?

Symposium Welcome--Leslie N. Jacobson . . .. ... ... . . . . e
ITMS: Definition of the Concept-Thomas Urbanik Il .. ......... ... .. .. ... .. .. .. ......
Resource Papers-Environmental and Multimodal Issues-G. Scott Rutherford .. ................
Resour ce Paper-Disciplines that Make ITMS Work and Multi-Jurisdictional Issues in ITMS-Ledie
KeElman . ..
Panel Discussion-Thomas Urbanik I, Tip Franklin, Matt Edelman, Katherine F. Tumbull, Sarah J.
Siwek, and Jim Kerr .

PLENARY SESSION-Benefits of ITMS

Benefits of Early Deployment from a Core Infrastructure Perspective-James Wright . ... ...... ...
Dallas Urban Area Integrated Transportation Systems-James D. Carvell, Jr. . .................
Montgomery County, Maryland-Gram NOMon . . . .. ... .. i i

PLENARY SESSION-ITMS Case Studies

The Monroe County, New York Case Study-Frank Dolan .. ......... ... ... .. ... .. .. ....
TRANSGUIDE in San Antonio-Russell Henk. . . ... ... ... .. .. . . . .. . . . . . . . ...
The North Seattle ATMS Project-David Berg . ... ... .. .. e

PLENARY SESSION-ITMS Issues

Roles and Responsibilities-Larry Heit . ... ... . .
Legal and Procurement-Cindy Elliot ... ... ... ... . . . . . . . .
System Integration Issues-Philip Tarnoff ... ... .. ... . .. . . . .. ..
Operations and Maintenance-Ed ROWE . . . .. .. ... .. e

PLENARY SESSION-Workshop Results

Roles and Respongibilities-Jonathan McDade . . ... ... .. . .. . . . . . . .
Legal and Procurement-Frank Dolan . . . ... ... ... .. . . . . . . . .
System Integration-Donald Dey . .. ... ... . . ...
Operations and Maintenance-Joe McDermottand EARowe . . . .. ... ... ... ... .. . ...
Summary of Common Themes and Ranking of the Top Issues-Dennis L. Foderberg ... ..........

CLOSING SESSION

Use of ITMS Actions to Manage Traffic After the Los Angeles Area Northridge Earthquake
ANSONNOIADY . . ..o e e

A Look Ahead to the 3rd ITMS Symposium in Boston, June, 1996-1TM S Activities in the Boston
ArearMichagl Costa . ... ...

RESOURCE PAPERS

Integrated Transportation Management Systems Definition of the Concept--Thomas Urbanik Il . . . . ..
Integrated Transportation Management Systems-DouglasW. Wiersig .. ... .. ... oo
Multimodal ITMS: From Integrated Traffic Management to Integrated Transportation
Management-Katherine F. Tumbull . . ... ... . . . . . . . . e
Integrated Transportation Management Systems Environmental Considerations and |ssues-Sarah J
SIWEK . .o
TRANSCOM's Development in New York, New Jersey and Connecticut: Multi-Jurisdictional |ssues
iNnITMSMatt Edelman . .. ... ... . . . . . . .
System Engineering: A Short Course in the ObviousTip Franklin .. ........ ... ... .......
An ITMS Architecture Considered-Jim Kerr andGregMosley . . ... ... .. it ..
Operations and Maintenance of Integrated Transportation Management Systems-Edwin Rowe . . . . .

APPENDIX-Participants . .. ... .. e

12

14

17
19
20

23
24

25

29
29
31
32

35
38

39
40

43

47
48

51
56

63

76

82
89
94
110

119



SYMPOSIUM OVERVIEW

Ledlie N. Jacobson, Washington State Department of Transportation

Katherine F. Turnbull, Texas Transportation Institute

The Second National Symposium on Integrated

Transportation Management Systems was held in Sedttle,
Washington on May 8 through 10, 1995. The Symposium
was sponsored by the Transportation Research Board
(TRB) of the Nationa Research Council in cooperation
with the Federal Highway Administration, the Washington
State Department of Transportation, the City of Seattle,
King County Metro, and the City of Bellevue. 1t was co-
sponsored by the Institute of Transportation Engineers
Intelligent Transportation Systems (ITS) Council and
various ITS America Committees.

Theintent of the Symposium was to review the current
status of Integrated Transportation Management Systems
(ITMS) and to discuss the issues and operational
opportunities associated with the deployment of ITMS.
Specific actions were then identified by Symposium
participants to help facilitate planning, designing, and
operating ITMS.  The results of the Symposium, as
summarized in these proceedings, provide the basis for a
dynamic ongoing research and development program
focused on advancing the effective and efficient
deployment and operation of ITMS.

The Symposium brought together representatives from
public and private sector groups involved in ITMS.
Individuals from federd, state, and local governments,
consulting firms, system suppliers, metropolitan planning
organizations (MPOs), transit agencies, universities and
research institutes, and other groups all participated. The
Symposium opened with the presentation of seven resource
papers defining the key elements of ITMS. The resource
papers and authorswere:

Integrated Transportation Management Systems:
Definition of the Concept-Thomas Urbanik Il

Integrated Transportation Management Systems:
Environmental Considerations and
Issues-Sarah J. Siwek

Multimodal ITMS. From Integrated Traffic
Management to Integrated Transportation
Management-Katherine F. Tumbull

Integrated Transportation Management Systems:
Identifying the Disciplines that Make it
Work-Douglas W. Wiersig

TRANSCOM's Development in New York, New
Jersey and Connecticut: Multi-Jurisdictional
Issues in ITMS-Matt Edelman

System Engineering. A Short Course in the

Obvious-Tip Franklin
An ITMS Architecture Considered-Jim Kerr
and Greg Mosley

Speakers at the genera sessions also addressed the
benefits of ITMS and presented information on selected
case studies from throughout the country. The
Symposium participants spent a half-day in workshop

sessions discussing the critical issues and opportunities
relating to ITMS deployment and devel oping action plans
for future activities.

A wide range of issues, opportunities, and actions were
discussed in the workshops. These were presented in the
final general session, and participants were asked to rank
the issues they felt should be given top priority. The
following six issues and actions were rated highest by the
Symposium  participants.

Issue-The current methods of contractor selection and
contract award are often inappropriate for procuring
advanced technologies and related services.

Action

e Efforts are needed to explore aternative contracting
methods to identify changes in legidation that may be
needed to allow public agencies to use these procedures,
and to document the experience with alternative
approaches. Additional research, including the
preparation of a Synthesis, best practice examples, case
studies, and model guidelines and contracting procedures
would be appropriate.

I ssue-Performance guidelines for ITMS operations
and maintenance are needed.

Action

e The development of performance guidelinesfor ITMS
operations and maintenance should be pursued. These
guidelines should consider a range of site-specific
conditions, as well as identifying the expectations and
roles of different agencies and groups.

Issue-Thereisaneed to incorporate operations and
maintenance considerations into the ITMS design
process.
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Action

» The development of best practice examples highlighting
the inclusion of operations and maintenance consideration
into the ITMS design process should be encouraged, as
should support for the ongoing sharing of information.
Possible approaches for consideration include the
development of a Synthesis, best practice case studies,
papers and presentations at future conferences, and the
development of general guidelines for incorporating
operations and maintenance consideration into the ITMS
design process.

Issue-Explore funding support for ITMS.
Action

« Efforts should be supported to examine and identify
innovative funding sources and approaches, to develop
best practice case studies and reports documenting
different ITMS funding techniques, and to continue to
highlight examples at future conferences.

Issue-ldentify the benefits of system integration.
Action

o Efforts should be supported to document the benefits of
system integration, to identify aternative approaches, to
monitor best practice case studies, and to develop general

guidelines for system integration.

Issue-There is a need to better communicate the
benefits of ITMS at the local level.

Action

o The development of information on the benefits of
ITMS for use with local elected officials, the public, and
other groups should be supported.  Encouraging the
ongoing communication among al groups at the loca level
should be part of this effort.

The other 14 issues are summarized next to provide an
indication of the scope of the topics discussed in the
workshop sessions. These issues can be explored in more
detail at future conferences. The following list is not
provided in any lcmd of priority order.

« Policy and legal guidance is needed to better defme
what information is in the public domain, what
information can and should be collected, and what
information can and should be released to the media and
other groups.

« Thereis aneed to identify approaches to determine
the value of the public resources and infrastructure used
inITMS, and to determine how I TM S-generated revenues
can be used to operate, maintain, and expand ITMS.

o Thereisaneed to clarify potentia liability issues
related to ITMS implementation and operation, and to
determine how this liability can be allocated among the
public and private groups involved in ITMS.

» Thereisaneed to better define the concept of system
integration in ITMS and its various components.

o Thereisaneed to identify the benefits from system
integration in ITMS .

o There is a need to examine the use of life-cycle
costing with ITMS operations and maintenance programs.

o Thereisaneed to determine how ITMS life-cycle
costs can be minimized.

o Thereisaneed to examine how ITMSguidelinesand
standards can be developed that address the rapid
advancement or rate of change of technology.

o There is a need to explore policy and legidative
changes that would provide greater opportunities and
authority for partnering at both the state and federal level.

o Thereisaneed to examine approaches that can be
used to establish inter-jurisdictional teams in areas
throughout the country needed to advance ITMS.

o Thereisaneed to assess the future ITMS staffing
requirements.

o Thereisaneed to define the role and authority of
metropolitan planning organizations (MPOs) in ITMS.

« Thereisaneed to identify approaches for enhancing
the involvement of transit agencies and operators in ITMS
to ensure that transit is a full player in ITMS.

« Thereisaneed to provide enhanced federal guidance
on ITMS and other ITS programs.

These issues and actions will help facilitate de
development of a strategic agenda to assist in the
successful deployment of ITMS. They should be of
benefit and of use to TRB, ITS America, FHWA, FTA,
ITE, state departments of transportation, transit agencies,
and other groups involved with planning, designing,
funding, and operating ITMS.



OPENING SESSION-What Arelntegrated Transportation Management Systems?
Thomas Urbanik 1l, Texas Transportation Institute-Presiding

Symposium Welcome
Leslie N. Jacobson, Washington State Department of
Transportation

| would like to welcome you to Seattle and the Second
National Symposium on Integrated Transportation
Management Systems. The Symposium is sponsored by
the Transportation Research Board, in cooperation with a
number of other groups and organizations.  Local
sponsors include the Washington State Department of
Transportation, the City of Seattle, King County Metro,
and the City of Bellevue.

The opening session this afternoon isintended to set the
tone for the Symposum.  As the speakers at the
Symposium will highlight, Integrated Transportation
Management Systems, or ITMS, concerns more than just
incorporating freeways and arterial streets into a coherent
management system. A truly integrated system must also
include other modes and functions. These may include
transit, law enforcement, emergency services, information,
planning, and many other applications.

ITMS represents a single system that is multimodal,
multi-disciplinary, and multi-jurisdictional.  Although
establishing communication links among the different
modes and agencies is a critica element, ITMS goes
beyond this. It also encompasses how the information will
be used and what actions will be taken to address specific
iSSues.

Seven resource papers were written for the Symposium.
These resource papers help definethe ITMS concept and
the various components of an integrated system. The
papers also address many of the key issues and
opportunities that may be encountered in planning,
implementing, and operating ITMS.

The opening session will be followed this afternoon by
another plenary session describing the benefits of ITMSin
three areas-the Minneapolis-St. Paul metropolitan areain
Minnesota; Montgomery County, Maryland: and Dallas,
Texas.  Three more case studies will be presented
Tuesday morning.  This session will highlight the
experiences from Monroe County, New York: San
Antonio, Texas; and Seattle, Washington.

The second session on Tuesday morning will examine
four key issue areas that are critical to the deployment of
ITMS. The areas to be addressed are roles and
responsibilities, legal and procurement, systemintegration,
and operations and maintenance. That session will help
establish the focus for the workshop sessions on Tuesday

afternoon, which will be oriented around the four issue
areas.

The workshops represent a significant part of the
Symposium and will provide you with the opportunity to
discuss the issues and the opportunities associated with
ITMS in more detail. More importantly, you will have a
chance to help identify solutions to these concerns,
establish priorities for further action, and outline other
needs and opportunities with ITMS.

The results from the workshops will be presented at the
general session on Wednesday morning. Each of the
workshop leaders will summarize the main points
discussed in the Tuesday afternoon sessions, and the top
five issues will be identified. You will then have the
opportunity to rank or prioritize the mgjor issues from all
the workshops.

The outcome of the Symposium, which will be
published by TRB, will be used in a number of ways.
First, the issues and actions steps will be provided to
TRB, the U.S. Department of Transportation and the
different modal agencies, ITS America, and other national
organizations. They will also provide important input for
the Advance Transportation Management Systems
(ATMS) conference to be held in St. Petersburg, Florida
this October.  The results will further be utilized in
planning for the Third TRB ITMS Symposium, which will
be held in Boston in June of 1996. Finaly, the results
will be of benefit to you and others responsible for
planning, implementing, and operating ITMS.

Your participation in the workshops and the Symposium
iscritical. Itisonly through your involvement that we
will be able to identify the key issues and opportunities
with ITMS. | encourage you to share your ideas and
experiences with others. The Symposium will only be a
success with your participation. | am looking forward to
an interesting and productive two days.

ITMS: Definition of the Concept
Thomas Urbanik 1, Texas Transportation Institute

| would like to start by introducing the members of the
Symposium Planning Committee. L es Jacobson served as
the Chair of the Committee. In addition to mysdlf, the
other members included Donad Dey, Frank Dolan, Rg
Ghaman, Jeff Lindley, Jonathan McDade, Joseph
McDermott, and James Robinson. These individuals put
a great dea of time and effort over the past year into
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planning the Sympaosium. | hope you will find the next
two days to be stimulating, challenging, and thought
provoking.

As Les noted, seven resource papers were prepared for
the conference and provided to you in advance. We have
six of the seven authors with us this afternoon. They are
Tip Franklin, Matt Edelman, Katherine Turnbull, Sarah
Siwek, Jim Kerr, and mysdlf. Douglas Wiersig was not
able to attend due to a conflict.

Rather than asking each of the authors to present their
papers, we have asked two outside experts-G. Scott
Rutherford from the University of Washington, and Leslie
Kelman from the Municipality of Metropolitan Toronto
(Metro Toronto)-to summarize the highlights from the
papers. We will then provide the opportunity for you to
ask questions of the authors and for them to raise any
additiona points. We hope this interaction will continue
throughout the Symposium.

As away of establishing a common ground for the
Symposium, | would like to start by defining ITMS and
summarizing a few highlights from my resource paper.
Although we often use the word systems, the focus of this
Symposium and ITMS is on a single transportation
system. This point is reinforced in all the resource
papers, especialy the two addressing system engineering
and system architecture.

The benefits of ITMS will be described in the second
session today. Selected ITMS case studies will be
presented tomorrow morning, followed by presentations
on the major issues associated with deploying ITMS.
These plenary sessions will set the stage for the workshops
which will help develop a strategic agenda to advance
ITMS.

Y ou may have noticed that there has been an important
change from a traffic orientation to a transportation
orientation with ITMS.  This reflects amove beyond just
coordinating the freeway and arterial street systems.
ITMSisrealy focusing on the fundamental aspects of the
transportation system; the movement of people and goods.
With the addition of Intelligent Transportation Systems
(ITS), the flow of information-which affects the
movement of people and goods-is now an important part
of the basic function of the transportation system.

Interrelated with this change is the movement from a
traditional control philosophy to a management
philosophy.  In the past, the focus often was on
controlling the signal systems, ramp meters, and other
elements of the transportation system. More emphasis is
now being placed on management of all elements of the
system.  This new approach focuses on the primary
objective of ensuring an effective and an efficient
transportation system. Effectiveness relates to doing the
right things. This might include encouraging commuters

to carp001 when possible or to leave earlier or later to
maximize the effectiveness of the system.  Once the
proper balance is achieved, the efficiency of the system
can be maximized.

A number of underlying issues related to the urban
transportation system may cause problems in the
deployment of ITMS and the effective and efficient
operation of the transportation system. First,
specialization can lead to problems. For example, many
areas have city, county, and state departments of
transportation, as well as multiple agencies responsible for
transit, police, traffic, and other services. Each of these
agencies have their own missions. Further specialization
usualy exists within each of these agencies.
Traditionally, we have looked at planning, design, and
operations as separate disciplines. Inredlity, however, al
of these functions are interrelated. For example, an
understanding of operational issuesis critical to ensure
good planning .

Thisfragmented approach worked well before we began
to experience significant demands on the transportation
system. Theinability to expand the system in many areas
has resulted in the need to better manage existing
resources and facilities, however. ITMS and other tools
and techniques will be critical to enhancing the overall
management of the different eements of the transportation
system.

It is also important to remember that ITMS is a
process, not a solution. ITMS is not the answer. Rather,
it is a process to help ensure a more efficient
transportation system. ITMS includes enhanced
monitoring of the system, using the resulting information
to evaluate various alternatives, prioritizing the options,
and selecting and implementing the best approaches. The
process does not end here, however. An ongoing effort
is needed to continue to monitor, fme tune, and evaluate
all components of the system.

There are a number of tools and techniques that will
need to be used as part of ITMS. These include
transportation systems management (TSM) , congestion
pricing, the various management systems, travel demand
management (TDM), transportation control measures
(TCMsg), and ITS. LikeITMS, none of these are the
ultimate solution. Rather, each approach can be used to
help address the issues facing metropolitan areas
throughout the country.

It is also important to realize that a number of
ingtitutional considerations may need to be examined in
implementing and operating ITMS. Developing working
relationships among the various agencies and groups
responsible for ITMSwill be critical. A number of good
approaches have been used in different areas to facilitate
multi-agency, multi-jurisdiction, and multi-disciplinary



efforts.

At the federal level, there is an effort underway to
develop a national ITS system architecture. This will
assist in bringing al the various components used by
different agencies together into a compatible system. The
nationa architecture will help specify the interrelationships
and interfaces among the various components. This does
not mean that we will have total standardization. Rather,
it will help ensure that information can be exchanged
among numerous agencies and groups.

In conclusion, the deployment of ITMSwill continue to
evolve. This Symposium is part of that process. The
results from the Symposium will assist in the ongoing
development and deployment of ITMS. Your participation
over the next two days will be critical to helping advance
the state-of-the-practice and state-of-the-art related to
ITMS. Thank you.

Resource Papers-Environmental and Multimodal
I'ssues
G. Scott Rutherford, University of Washington

It is a pleasure, but aso a challenge, to summarize
resource papers prepared by other authors. The task was
made easier, however, by the excellent quaity of the
papers prepared for the Symposium. | was asked to
review two of the resource papers. The first, ITMS
Environmental Considerations and Issues, was prepared by
Sarah Siwek of Sarah Siwek and Associates. Thesecond
paper, Multimodal ITMS:  From Integrated Traffic
Management to integrated Transportation Management,
was written by Katherine Tumbull of the Texas
Transportation Institute.

Ledlieand | were given afurther challenge to integrate
the concepts presented in two other resource papers into
our presentation. These papers were Systems
Engineering-A Short Course in the Obvious by Tip
Franklin of TRW, Inc., and An ITMS Architecture
Considered by Jm Ker and Greg Mosley of NET
Corporation.

I will review the major points of the first two papers
and then summarize afew common themes and issues,
including those from other papers. To accomplish this, |
will address the main points of each paper.

Sarah Siwek’s paper starts out appropriately with a
categorization of the problems facing the transportation
system today. These include the growth in nearly
everything-population, vehicles, households, vehicle
miles of travel (VMT)_except transportation services.
She a so points out the well known fact that even if the
necessary funding was available, it would be very difficult
to build additional transportation facilities due to social,

environmental, and other concerns.

The paper notesthat the I TS automated highway system
will not be aredlity for anumber of years. Other parts
of ITS, such as driver information systems, do show
promise of an early integration into ITMS, however. All
these factors lead to the conclusion that we must find
better ways to manage, maintain, and operate the current
transportation system. Hence, ITMS becomes a critical
component in maintaining an adequate transportation
system.

The paper addresses the environmental issues related to
developing and implementing ITMS.  To accomplish this,
a broad view of environmental issues is considered. As
aresult of the Clean Air Act Amendments of 1990 and
the Inter-moda Surface Transportation Efficiency Act
(ISTEA) of 1991, air quality has been the most visible
catalyst for changing the transportation planning and
decision making process. These two Acts have pushed
transportation professionals into considering factors that
were often ignored in the past.

Ms. Siwek suggests that these air quality issues have
tended to take precedence over other environmenta
issues.  She further suggests that a broad range of
environment concerns need to be addressed to help ensure
that ITMS isimplemented in an environmentally sound
manner. Issues noted by the author include the generation
of toxic and hazardous wastes, energy and other natural
resource restraints, improving conditions for minorities
and low income groups, strengthening communities,
preserving historic and cultural resources, reinvigorating
central cities, and preserving open space, vistas,
agricultura land, endangered species, wet land habitat,
and water quality.

The author points out that even if technology eliminates
the air quality issue-and we hear stories of low emission
vehicles-congestion will still be aconcern. In addition,
the other environmental and social issues will still need to
be addressed. Thus, the paper stresses that it isimportant
to focus not just on ar quality, but on al the
environmental and socia concerns facing metropolitan
areas today.

Ms. Siwek suggests that ITMS can be of help in
realizing environmental goals only if environmental
concerns are considered in two important phases of the
ITMS process. Thefirst phase involves planning, project
selection, and design. The second phase includes
implementation, maintenance, and operations. To enhance
environmental concerns, it is critica that al modal
considerations are fully integrated into both of these
phases.

The author provides the following examplesto illustrate
this point. First, high-occupancy vehicle (HOV) access
and egress, as well as other transit needs, should be
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considered as part of the arterial street and freeway
systems. Further, consideration should be given to all
modes, including non-motorized modes, in al travel
corridors.

Environmental concerns should also play a central role
in the second phase of ITMS. Complex trade-offs are
often made in the implementation, operation, and
maintenance process. Environmental concerns should be
given adequate consideration in this process. The paper
cites the issues related to NO, emissions as one example
of the complex nature of this step. NO, emissions are
lowest when vehicles operate at speeds under 15 miles per
hour (mph). Emission rates increase at speeds over 15
mph, however, and increase sharply at speeds over 45
mph. If the intent is to manage NO, emissions, one
policy might be to keep speeds below 45 mph.
Accomplishing this may be difficult, however.

A recent report from the U.S. General Accounting
Office (GAO) documents examples of successes and
faillures in the operation of traffic control systems.
Although the report does document traffic signal and air
quality benefits of properly installed and maintained signal
systems, it is critical of systems that have not been
maintained properly. For example, the ATSAC systemin
Los Angeles resulted in an 18 percent reduction in travel
time, a 44 percent reduction in vehicle delays at traffic
signals, and a 14 percent reduction in air pollutants. At
the same time, many other signal systems are not
maintained properly, and benefits are unrealized.

The paper concludes by pointing out the critical role
ITMS will play in both short- and long-term solutions to
transportation and environmental problems. Ms. Siwek
further suggests that transportation and environmental
professionals need to work together to ensure that this
happens.

As aside note, | would also suggest that consideration
be given to the urban development patterns that ITS may
encourage. The emerging pattern may not help solve the
long-term environmental and social problems noted
earlier. If thisisthe case, we may wish to address some
of these issues with the selective application of ITS. Itis
also important not to over promise with ITMS and ITS.
At the same time, other strategies, such as land use,
TDM, and selected improvements, should not be totally
ignored.

The second paper, Multimodal ITMS: From Integrated
Traffic Management to Integrated Transportation
Management, is by Katherine Tumbull of the Texas
Transportation Institute. This paper begins properly with
the acknowledgement of the difficulty of implementing
ITMS in a system of multiple agencies and jurisdictions.
The paper is divided into four sections-the multimodal
ITMS concept and its components, the technical and

institutional issues associated with implementing ITMS,
alternative implementation strategies, and the conclusions
and suggestions for further research.

The paper notes that the ITMS concept began in many
areas with centralized efforts to monitor and manage
vehicle traffic on freeways. The system on the 1-5
Freeway here in Sedttle, which is caled the FLOW
system, is one example of this. There are many other
examples of similar systems across the country.

The paper goes on to describe how the capabilities of
these systems are being rapidly expanded with ITS.
Transit and emergency services are now being included in
the overall management of many travel corridors. The
paper suggests that the ITMS concept must now be
expanded to encompass all transportation
functions-including toll facilities, non-motorized
transportation, transit services, HOV lanes, parking,
TDM, commercial vehicles, response teams, railroads,
and land side access to ferry, airports, ports, and
raillroads. Thisisquite alist of elementsto be integrated
and quite a challenge to the transportation industry.

Thus, Dr. Tumbull suggests that the components of
ITMS should include the entire transportation system.
The paper provides an excellent inventory and detailed
discussion of each mode and function. Examples are
provided of current and proposed projects that incorporate
these different elementsinto ITMS. | would urge you to
read this part of the paper, as | do not have time to
discuss each areain detail.

A common theme among all these componentsisthe
huge advantage the transportation industry can realize by
sharing information. This is noted in the paper as being
the key to providing cooperation in many other areas.

The paper next focuses on a discussion of the technical
and institutional issues associated with planning,
implementing, and operating ITMS. | will start with the
technical issues, asthisis an areawhich we may actually
be able to address. As we all know, tbe institutional
issues are often much harder to resolve. Many different
technologies are currently being deployed, including loop
detectors, closed circuit television, video imaging, and
many other elements.

ITS promises to enhance our capabilities to collect and
share information. Advances in technologies have been
made not only in the highway mode. Transit systems
throughout the country are using automatic vehicle
location (AVL) systems to monitor the location of buses,
to provide real-time information to passengers, and to
improve system reliability and on-time performance.
Railroad companies, as well as police and fire agencies,
are utilizing awide range of technologies to support their
functions.

The challenge, of course, is to ensure that all these



systems are compatible. Remember Granada? There
were four service branches within one department, within
one country, that could not communicate with each other
as they were being invaded by the U.S. because they were
using different radio frequencies. Imagine dozens, even
hundreds, of agencies, as well as the private sector, trying
to communicate on the system we are trying to design.

Obviously, an excellent system architecture is required to
facilitate this. The resource paper by Kerr and Mosley
addresses the system architecture issues in more detail.

The national ITS system architecture is now under
development by the U.S. Department of Transportation.
A number of workshops have been held throughout the
country to help facilitate this effort. How the
communication systems will be linked together and
whether a central facility or a networked distribution
system will be developed are key questionsto be resolved.
| think the technical issues associated with ITMS can be
solved if we defme the problems correctly.

The ingtitutional issues may be a different story,
however. Institutional issues are often not as easy to deal
with, and we have a long history of problems with
agencies working together. To help address these
concerns, the paper suggests starting early in the process
to build relationships among agencies and their staff.
Establishing the roles and responsibilities of different
groupsis acritical early step in the process. The mix of
public and private groups involved in ITMS make this an
even more difficult process. Uncertainty or mistrust may
exist among these groups and these issues will need to be
overcome to advance ITMS.

For example, selecting a lead agency may be difficult.
Many times the state department of transportation takes on
this role. In other cases, a multi-agency group may be
created to lead the ITMS implementation effort. The
paper suggests, however, that in al cases, support from
management is critical. The need for a project champion
is also important. This champion should be someone who
iS a senior executive or manager that believes in the
project, has the ability to get the needed resources, and
helps keep you out of trouble-or at least gets you out of
trouble when you get into it.

Along with a project champion, a strong project
manager is also needed. This may be an absolute zeal o,
who works night and day to ensure that the project is
accomplished successfully. It is this combination of a
project champion and a project manager that | think will
be needed to advance ITMS.

Funding is also a critical institutional element. It is
often easy to diminish the importance of funding, but it
should not be overlooked. The numerous agencies
involved in ITMS may complicate funding cycles, grants
management, and determining the fair share for different
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groups. The addition of private sector involvement in
ITMS increases the complexity of funding issues. The
numerous groups involved in ITMS aso offer the
opportunity to maximize funding and utilize innovative
approaches to financing.

The paper notes that there are many legal issues to be
addressed in the deployment of ITMS. These will be
discussed more in the Tuesday morning session and in one
of the workshops.  Legal issues include resolving
questions related to the ability of agencies to enter into
agreements with other agencies, private businesses, and
other groups. Liahility, insurance, and privacy are other
legal issuesthat may arisein ITMS. These are issues that
often become critical in the implementation stage and can
delay projects if they are not addressed early in the
planning process.

Some areas have established separate organizations to
deal with these issues. For example, Houston and New
Jersey have developed new agencies with responsibilities
for developing and operating ITMS.

Alternative implementation strategies are examined next
in the paper. As mentioned previoudy, there are many
ways to plan, implement, and operate ITMS. These range
from one agency or a group of agencies working together
in one area to multiple agencies in multiple areas linked
together by different communication technologies.
Regardless of the exact organizational structure used, the
paper identifies three basic levels of sharing that may be
considered. These are the sharing of information, the
sharing of facilities, and the sharing of control.
Accomplishing each step is more complicated and more
difficult.

Although the sharing of information is the least
threatening of the three, it is still very difficult to achieve
in many cases. For example, local jurisdictions would
like to know if afreeway is closed and 40,000 vehicles
will be rerouted onto the local street system in their
jurisdiction. Sharing information between a state ITMS
and alocal area can help address these types of potential
i SSues.

The second level identified in the paper is sharing
facilities and equipment. This might include sharing a
central computer, fiber optic networks, or afacility where
staff from numerous agencies interact on a regular basis.
Accomplishing this level will require agencies to work
closely together and may involve the sharing of financial
and human resources.

Numerous approaches could also be taken at the third
level, which involves sharing control. For example, one
agency may be responsible for al of the regionaly
important components of the system such as the freeways
and the major arterials.  Control might pass to other
agencies for minor arterial streets, downtown streets, and
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other system elements. The contral of different levels and
activities will need to be worked out by the different
agencies. Sharing control represents the more difficult
and threatening issues to be addressed in the deployment
of ITMS.

The author suggests alogical progression from sharing
information, to sharing equipment and facilities, to sharing
control. All of theselevelsare appropriatefor ITMS, and
benefits can be realized at each level.

In the conclusion, the paper identifies technical and
ingtitutional issuesthat need further research. The bottom
line, however, isthat ITMS is important for maintaining
the health and economic and socia vitality of urban areas.
Further, both papers emphasize that ITMS represents one
of the last chances to significantly improve the
transportation system. Setting aside past problems and
focusing onthe critical issueswill be necessary to meeting
the goals of ITMS and enhancing the transportation
system.

Resource Paper-Disciplines that Make ITMS Work
and Multi-Jurisdictional Issuesin ITMS

Leslie Kelman The Municipality of Metropolitan
Toronto

We will be discussing ITMS over the next two days. As
part of this discussion, it will be important to identify
what we mean by transportation management and ITMS.
A transit agency representative may think transportation
management should only help encourage more people to
use public transportation. A bicycling enthusiast might
suggest that it only means more people traveling by
bicycle. The construction industry probably thinks it only
means restricting vehicles from facilities during
reconstruction. Pedestrians are interested in being able to
cross roads and walk in a pleasant environment. Our job
as transportation professionas is to bring all these ideas
and perspectives together in a common vision.

| was asked to review and discuss four of the resource
papers. These werelTS: Disciplines that Make it Work
by Douglas Wiersig of the Greater Houston Transportation
and Emergency Management Center, Multi-Jurisdictional
Issues in ITMS by Matt Edelman of TRANSCOM in New
Jersey, as well as the system engineering and architecture
papers noted previously. | found all of the papers to be
interesting and well done.

Rather than reviewing the papers one at atime, | would
like to summarize the issues and elements common to all
four. After reading the papers, | identified six common
themes. These are

o ITMSvision

o Agency relationships

. Technical and informational architecture
« Public and political relations

o System expansion

o Other concerns

I will discuss how these issues were addressed in each of
the four papers.

The visions presented in the papers were dightly
different. In two cases, the vision focused primarily on
atotal system definition and design (top-down), and the
integration of al modes and facilities into a system.
Although not contradictory, the other two papers
suggested a vision focusing more on developing a system
that is responsive to local needs (bottom-up). In redlity,
we will not be able to achieve uniformity across the
country .  Rather we will continue to see different
strategies utilized by various agencies and areas.

There was more uniformity among the papers on the
issue of agency relationships. All four authors seem to be
in agreement that no one agency had to bein charge for
aregiona coalition to function effectively. Further, the
authors suggested that individual agencies have enormous
responsibilities, budget pressures, and demands from the
public, media, and elected officids. ITMS should focus
on helping agencies fulfill their responsibilities and allow
them to better meet the needs of their customers.

Further, it was suggested that regional coalitions focus
on those elements that can be done better collectively than
by the individual agencies and then doing them well. A
point | especialy liked in one of the papers was the
importance of focusing on early success. Maintaining
uncomplicated accounting and billing systems was also
noted as important for building good relationships among
agencies.

Technical architecture and informational architecture
represents the third common theme in the four papers. It
is important to remember that in most areas ITMS will
build on existing hardware and software components.
Most projects will not be able to start with a clean date.
Thus, the issue in many areas will be how to link existing
systems together. The two papers focusing on system
architecture and system integration do an excellent job of
discussing these issues in terms that non-technical people
can understand.

| was pleased to see the fourth area-that of public and
political relations-brought up in the papers. It is
important to remember that we are not working in
isolation and that developing good relationships with the
public and with public policy groups will be critical to the
success of ITMS.  Creating an early awareness of
program activities and an ongoing communication
mechanisms were identified asimportant elementsin the



ITMS development process. Building on past successes
and taking incremental steps were also highlighted in the
papers.

The next common theme addressed system expansion.
The need for a system design, guidelines, and
documentation for expansion was suggested in the papers,
while a the same time maintaining the flexibility to
respond to changing ITMS responsibilities. Providing the
ability to accommodate new and expanding technologies
and disciplineswas also noted asimportant particularly as
ITMS responsibilities and functions can change over time.

| grouped a number of other issues relating to both the
internal and the external environment into the final
category. First, there is a need for transportation steff
and system integration staff to find a common ground and
to use a common vocabulary. Second, representatives
from groups responsible for buses, taxis, and other modes
need to be included in the early planning and design of
ITMS. These vehicles can act as traffic probes to further
enhance the flow of information about conditions on all
roadways to the system. It isalso important to resist the
temptation of technology for the sake of technology. The
temptation of “technology toys’ should be avoided as it
sends the wrong message to the public and to decision
makers. Rather, we should be focusing on what ITMS
can do to address rea problems today.

I would like to provide a few additional thoughts on
some of theissuesraised in the resource papers.  First,
the potential for political pressure must be realized.
Focusing on short-term, as well as long-term goals, and
early successes can help address these concerns. Being
ableto tell decision makers what you have done for them
today will continue to be important.

Second, | hope funding needed to initiate ITMS and for
ongoing operating costs will be discussed in the
workshops. The lessons learned from signal systems and
the freeway network is that funding is often available for
theinitial capital costs but not for ongoing operations and
maintenance.

Public/private partnershipsis athird areal hope will be
explored in more detail in the workshops. Innovative
partnerships involving public and private sector groups
will be one of the keys to the successful deployment of
ITMS.  This approach is much different from the
historical ways we have done business, and we have a
great deal to learn.

The rate of technological change, and the falibility of
master plans, should be also considered. Technology is
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evolving so rapidly that it is difficult to keep up with the
latest systems. The Houston and New Jersey case studies
illustrate the importance of building on the successful
deployment of proven technologies.

In deploying ITMS, we should build on our experience
during the implementation of other transportation systems
and projects. The lessons we can learn include the fact
that implementing improvements often disrupts normal
operations, hardware is generaly cheaper than the
software needed to run the system, determining central or
local intelligence and communication requirementswill be
an issue, staff involvement in the development and design
is key, and a redlistic approach should be taken to the
design life of asystem. A staged implementation process
for ITMS is the most appropriate.

In Toronto, we have focused on different levels of
integration. We started by integrating the signal and the
freeway systems, which are both the responsibility of
Metro. This was expanded to include the traffic systems
and generd traffic services, which are aso under the
direction of Metro. Traffic and road functions were then
added, followed by the provincial roads, traffic, and
police functions, and then transit.

In conclusion, the key focus for ITMS is to help
agencies meet their responsibilities.  This approach
provides a more realistic focus rather than arguing over
management and control functions. The approach we
have used in Toronto is to focus on how we can help
agency personnel do their jobs, rather than doing their
jobs for them.

A number of elements can be identified for ITMSto be
asuccess. First, successful systems are systems that
work. They are aso systems that are viewed positively
by other agencies. An approach that focuses on working
cooperatively with other agencies, rather than one focused
on controlling or competing will be viewed more
positively. Successful systems have political and public
support, and they help meet the needs of agency
customers.

Findly, | would like to offer an acronym-POTS and
PANS-for your consideration. This stands for
Partnerships in Operating Transportation Systems (POTS)
and Public/Private Alliances and Networking for Success
(PANYS). I think these better reflect the approach that is
needed inadvancing ITMS. | am alittle wary of theterm
integrated, as it often implies control. | would rather see
the use of terms like partnerships, which better reflects
what we are trying to accomplish.
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Panel Discussion

Thomas Urbanik, I, Texas Transportation Institute
Tip Franklin, TRW, Inc.

Matt Edelman, TRANSCOM

Katherine F. Turnbull, Texas Transportation Institute
Sarah J. Siwek, Sarah Siwek and Associates

Jim Kerr, NET Corporation

Question: Many of the papers noted the importance of
institutional issues. Do you have any suggestions on
how to address these?

Edelman: There are a number of ways to address the
institutional issues associated with ITMS. Engineers are
trained to do things according to standards and rules, and
not causing any problems. In ITMS, engineers may need
to assume a much different role-that of creating change
and developing new organizations, institutional
arrangements, and systems. Engineers will need to be
bolder and will need enhanced communication skills to
make ITMS successful.

Turnbull:  Thinking through potential institutional issues
before you start planning and developing ITMS s critical.
Identifying possible problems will allow you to take a
proactive approach to addressing these. Involving thekey
players early in the planning process is also important.

Houston provides agood example of the devel opment of
a strong working relationship between Houston METRO,
the transit agency, and the Texas Department of
Transportation.  The relationship between these two
agencies has evolved over the last 15 to 20 years. This
does not mean they always agree or that there are not
problems, but they have been able to work through issues
and have been able to move forward with a number of
joint projects.

It is also important to remember that the institutional
issues often come down to the people within different
agencies establishing good working relationships.
Personnel do change over time too. A group that worked
well together 5 or 10 years ago may have changed as
people move up in organizations or change jobs. As a
result, ongoing attention should be focused on ensuring
strong ingtitutional  arrangements and working
relationships.

Siwek:One thing most of the citiesin Los Angeles County
can agree on is that they need funding from the county
wide transportation authority for improvements. It is also
fair to say that many of these cities have learned that they
can be more powerful and can leverage more funding by
building coalitions with other citiesin atravel corridor or
area. Thus, | would suggest communities work together
and build on the elements that can be agreed upon to
develop an initial system. Focus on what you agree on,
not what you disagree on. Additional components, other

modes, and other groups can be brought in as the system
evolves and matures.

Question; Several of the papers talked about the need
to get other modes and agenciesinvolved in ITMS,
Looking at the attendance list for the Symposium, it
appears that only a few representatives from transit
agencies, toll facilities, and other groups are here. A
number of the case studies indicate that when you get
these groups to the table, good things start to happen.
How do you get these groups to the table initially?

Turnbull: The point was made earlier that personnel
within most agencies are very busy taking care of daily
operations and problems. A good place to start to get
other groups involved is to show them the benefit of
ITMS, and specifically how ITMS can help them do a
better job and meet the needs of their customers.

To some extent this may be a promotional or outreach
activity. One of the things that may be appropriate for
discussion in the workshopsis how we can do a better job
getting other groups involved.  This might include
developing information on successful projects, especially
those involving multiple diverse groups.

Once you get these groups to the table, the next step is
to keep them there.  This means involving them
throughout the planning, design, and operations phases
and making them an integral part of the process. The
need to involve many diverse groups is critical to the
success of ITMSand ITS.

Edehnan: One of thethings | have found is that there
is amiddle ground to involving other groups. |If you are
too visionary and too aggressive, other groups will have
an excuse to resent you as being an empire builder. If
you are too weak and unfocused, they may question why
you are bothering them. You need to find a middle
ground that focuses on the specific needs of these groups.
It aso helps to find a few individuals in the different
agencies who bdlieve in the benefits of ITMS and are
willing to work with you.

The involvement of police departments in TRANSCOM
helps prove this point. We had worked to get humerous
police departments in the New York, New Jersey, and
Connecticut area to share incident information with
TRANSCOM. Our efforts were not very successful until
we found one police officer in the Bergen County Police
Department. Once he began providing information on
accidents on facilities within his jurisdiction, which was
then shared with other departments, other departments
becameinterested.

This approach is alot like the movie Norma Rae in
which Norma Rae bdieves in the Union and begins to
recruit others. We need to find alot of Norma Raes in
different agencies and get them involved in ITMS. This



happened to us in the case of the police departments and
TRANSCOM .

Siwek: Two other points are important to remember in
getting other agencies and groups involved in ITMS.
First, the management system provisions of the ISTEA
offer real opportunities for agencies to work together on
these types of issues. Second, the financia constraint of
the ISTEA also offers a catalyst to get numerous groups
working together on ITMS and other projects.
Transportation Improvement Plans (T1Ps) and other plans
can no longer be wish lists of projects. Rather the
projects in the TIPS must be matched to available
resources.

The other way to get groups to work together is not one

you want to use, but it has happened so often recently in
the Los Angeles area that it is worth mentioning; that is
natural disasters and emergencies. When an earthquake
hits or some other mgjor problem arises, the public and
policy makers want to hear what can be done, rather than
what cannot bedone.  These types of problems tend to
bring all groups together to work toward a common goal.
The team work developed during these situations can often
be continued on au ongoing basis.
Urbanik: It is aso important to remember that the
development of strong working relationships does not
happen over night. The relationships in Houston have
been developed over a 20-year period. A single
project-the North Freeway Contraflow HOV
lane-brought the state and city transit and highway
agencies together. This project was a success, and this
success lead to other projects, including the ITMS center
and other ITS projects.

Question: Many transportation agencies lack expertise
in system architecture and system integration. Are
there any good examples or experiences that can be
used to help those agencies?

Kerr: That is a good point. Typicaly, many state
departments of transportation do not have a system
engineer or even acomputer engineer who could help with
these activities. As aresult, consultants will usualy be
needed to help with system engineering and system
architecture. The big challenge is to overcome potential
fears early in the process related to technology issues.
The system engineering processisintended to beasimple
method to step through from the basic requirements down
to the system level. | think the challengeisfor the traffic
and transportation staff at state departments of
transportation to express their needsin away that can be
implemented. The system engineer can then start thinking
about the precise benefits anticipated from the system.
Franklin: | would agree with that point. | often get a
blank look from transportation engineers when system
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engineering is mentioned.  System engineering is not
normally fundedin alow-cost bid environment. Onceyou
get beyond this, however, people redize that system
engineering is just a common sense approach to building
asystem. It should also be realized that although system
engineering is not a rigid process, it does provide
structure to the system development process.  System
engineering helps ensure that the ultimate system meets
the project objectives and is controllable and expandable.
In most cases, it will be less expensive to use a system
engineering approach because there will be fewer
problems in the development process and with the final
system.

Question: Given that many metropolitan areas already
have different traffic signal system and other
equipment, how can ITMS be quickly deployed?
Franklin: First, the objectives that each area wants to
accomplish must be identified. The approach taken will
depend both on the objectives of the system and the
existing infrastructureinthearea. ITMSinvolvesalarge
capital investment. Existing systems and equipment can
form the base of ITMS if future growth can be supported.
A requirements document can be developed based on the
capabilities of the existing system or it can be started from
scratch. The requirements document can step through to
the ultimate system. This approach may be especialy
appropriate with limited budgets.

Kerr: There are probably two major scenarios that would
inhibit ITMS deployment. One would be when no
infrastructure exists and a large scale effort is needed to
initiateasystem. The other case would be a region with
a well developed infrastructure. Although this
infrastructure may be the greatest attribute for the area, it
may also be the greatest weakness. This would be
especialy trueif the existing systems are proprietary in
nature. One of the greatest challengesin ITMS may be
overcoming the proprietary nature of many existing
systemsand technologies.

Question: What are the first steps that should be
taken in the development of ITMS?

Franklin: One of the fist steps is to identify the goals
and objectives of the system; that iswhat is expected from
the system. Examining the basic responsibilities of the
agencies involved is agood way to start this process.
Once this step has been accomplished, you can start to
determine the best way to meet this objectives. The
experience with the 1984 Olympics showed that no one
agency needs to be in charge for a system to function
well. The key is to determine how to share critical
information among agencies and groups, without giving up
individual operating control.
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Urbanik: There are a number of different elements that
may be critical to the success of starting a new effort. In
some cases, a project champion may be needed. The
Houston case study highlights the success of the project
champion approach. Houston a so provides an example of
taking advantage of opportunities that may emerge. For
example, one of the HOV lanes was added to help traffic
management during the reconstruction of a freeway.
Turnbull: Many areas have some type of multi-agency
group in place that could be used to help advance ITMS.
This might be a group formed as part of the activities of
the Metropolitan Planning Organization (MPQ), a corridor
management team, or a specia project team. Building on
an existing, multi-agency group is a good way to start
identifying the need for ITMS and the opportunities and
issues associated with developing a system. If a multi-
agency committee does not exist in an area, contacts
between agency staff can be used as a starting point to
develop one.

Question: What implications do you think the current
political climate hasfor ITSand ITMS?

Siwek: | think ITMS and ITS offer tremendous
opportunities to address many of the critical problems
facing metropolitan areas today. They can further help
address environmental issues.  As such, there should
continue to be support for ITMS and ITS. There may be
less of an emphasis in the future on the use of command
and control approaches to reducing emission through
transportation investments, however. It is important to
remember that even if the air quality issues are solved,
there are till mgor congestion problems in most
metropolitan aress.

Edehnan: While clean air is certainly one of the benefits
of ITMS, it is not the only benefit. If you asked the
groups involved in TRANSCOM, they would probably
note the major benefit from the system is that it helps
them do their job better. They might note clean air as a
further benefit, but not the first.

Question: What are the financial implications of ITMS
and what are potential funding sour ces?

Edelman: ITMS both costs money and saves money in
the short-term and the long-term. In the area of
construction coordination, it probably saves money to
share one common database among three states, as is done
in TRANSCOM. This represents a more efficient use of
resources. TRANSCOM also functions as a test bed for
operational tests and demonstrations. Additional funding
will be needed to expand and continue operations,
however. Funding will certainly continue to be an issue
in most areas.

Franklin: One of thekey elements of system engineering
isto identify externa constraints. Funding is usualy the
major constraint on most projects. To help keep costs
reasonable, it isimportant to focus on redlistic goals and
objectives. A phased implementation approach can then
be used to develop the system in an incremental way.

Question: How does congestion pricing fit into ITMS?
Siwek:  There are a number of congestion pricing
demonstrations currently being funded by FHWA. All of
these are in the planning stage, however, so there is still
no real experience with congestion pricing in this country.
| believe that dl of the demonstrations are considering ITS
technologies as part of the project infrastructure.

Edelman:  Congestion pricing cannot redistically be
implemented without ITS and a regiona coadlition.
Political support will be needed to implement any type of
congestion pricing system. A regiona codlition and ITS
will also be needed to make it work.

Question: Arethere any examples of ITS and remote
vehicle emission testing?

Siwek: There has been a remote sensing demonstration
project in California, but the results are not yet available.
Thereisalso astudy that estimated the emission reduction
potential of automating the toll collection on the Garden
State Parkway in New Jersey.
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Jeffery Lindley, Federal Highway Administration-Presiding
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Benefits of Early Deployment from a Core
Infrastructure Perspective
James Wright, Minnesota Department of Transportation

My presentation will focus on the experiencein Minnesota
with the benefits of ITMS from a core infrastructure
perspective.  The FHWA has identified seven basic
elements of the ITS core infrastructure.  These are
freeway surveillance and management, arterial signa
control, incident management, vehicle location for transit,
toll roads, electronic payments, and traveler information
systems.

| would like to review the Minnesota experience with
each of these different elements, the current status of
activities, and the benefits that have been realized to date.
First, the Minnesota Department of Transportation
(MnDOT) has developed a fairly extensive freeway
surveillance and management system in the Minneapolis-
St. Paul metropolitan area.  Currently, this system
includes aimost 400 freeway ramp meters, 156 closed
circuit television cameras, 3,000 loop detectors, 39
Autoscope cameras, 51 changeable message signs, and 90
freeway emergency call boxes.

Expansion of al these elements are planned, with the
exception of the call boxes. This program may be phased
out due to the cost of operating and maintaining the
system and the proliferation of cellular telephones, which
appear to be more effective. In addition, a system of fiber
cable is being installed. Roughly 100 miles of a planned
250 mile fiber system has been implemented. This system
will connect the MnDOT operations center, the transit
operations center, the City of Minneapolis, and Hennepin
county. A Highway Radio Advisory (HRA) is aso
operated out of the MnDOT center.

A number of benefits have been realized from the
implementation of all theseelements. The capacity of the
freeway system has increased to upwards of 2,200
vehicles per hour per lane. Speed increases averaging 12
miles per hour has been realized on the freeways. The
number of accidents have been reduced by over 100 per
year. Savingsin fuel consumption and vehicle emission
reductions have also been redized. Finally, a savings of
$1 million per year in user benefits has been estimated
based on reductions in accidents and congestion levels.

The traffic signa control system is the second core
infrastructure element. Currently, there are approximately
2,200 traffic signals in the Minneapolis-St. Paul
metropolitan area. These are operated by eight different

jurisdictions and include fixed time, actuated-isolated,
actuated-interconnected, and adaptive control signals. In
addition, a portable traffic management system has been
field tested. This system includes closed circuit television
cameras, changeable message signs, and the ability to tap
into signals to change the timing sequence.

Itisalittle difficult to quantify the benefits from these
systems, especidly those still in the early stages of
deployment. The benefits of the SCOOT signal system,
compared to the “best effort” fixed time optimization has
been identified, however. Some of the benefits identified
for the approximately 70 signalsin the SCOOT system in
Toronto include an eight percent decrease in average
travel time, a 22 percent average decrease in vehicle
stops, and a 17 percent average decrease in vehicle delay.
Related reductions in fuel consumption and vehicle
emissionswere also estimated.

| would next like to summarize the status of incident
management activities on freewaysin the Minneapolis-St.
Paul metropolitan area.  There are two major components
to the incident management system.  The first is the
Highway Helper program. This provides assistance to
motorists weekdays from 5:00 A.M. to 8:00 P.M. on the
major freeways in the metropolitan area.  The Highway
Helper program has resulted in numerous benefits.
Approximately 15 percent of all accidentsin Minneapolis
are secondary accidents. If we can reduce exposure to
accidents, we should be able to reduce these secondary
incidents. There is dso a 4:1 payback ratio with the
program. This means if you can clear an accident five
minutes sooner, you will cut 20 minutes in related
congestion delay downstream.

A towing policy has also been implemented. Under this
policy, private tow trucks are immediately dispatched to
the scene of an accident. This program has cut the
average response time in half, or to approximately 20
minutes. The Highway Helper program provided some
13,000 assists last year.  This program is very well
received by the public and is one of MNnDOT's most
visibleefforts.

Currently, there is no system for incident management
on arteria streets in the area. There are two planned field
tests, however. Thefirst, called Divert, isin downtown
St. Paul. This system will use 10 closed circuit television
cameras, four changeable message signs, and HAR to help
manage traffic during special events. Divert is scheduled
to be operationa this year.

The second project will be implemented in the 1-494
corridor near the airport and the MegaMall. This system
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will use eight closed circuit television cameras, 12
variable message signs, two portable variable message
signs, and HAR to manage traffic on two parallel
arterials .

The next core infrastructure component is AVL for
transit. A Global Positioning System (GPS) AVL system
isbeing implemented inthearea. The hardware elements
have been installed, and 80 buses have been equipped with
AVL. These buses are operating in the -394 corridor.
Real-time information on the status of buses is being
displayed at the transit stations and a park-and-ride lots in
the corridor. This feature has been well received by the
public.

Another part of the project includes three kiosks located
in downtown Minneapolis providing real-time transit and
traffic information. The next step, which will begin this
summer, will deploy terminals in commuter’s homes and
businesses in the 1-394 corridor. We hope this will result
in increased transit ridership. Potentia benefits of the
AVL system include better fleet management, fewer on-
street supervisors, improved schedule adherence, and
improved safety for operators and riders.

In 1993, the Minnesota legidature authorized toll roads,
and in 1994 a road pricing study was mandated. The
potential for pricing use of HOV lanes single-occupant
vehicles is also being examined. We hope to issue a
request for proposals (RFP) for major toll road projectsin
July and select projects by December. The potential
benefits of toll roads include additional revenues,
dedicated funds for specific locations and uses, faster
construction and development schedules, and establishing
a revolving fund to match federal funding.

The next coreinfrastructure areais electronic payment.
A number of parking projects are currently being
developed in the metropolitan area.  First, the City of
Minneapolis has recently implemented 100 parking meters
that use pre-paid debit cards and debit keys for payment.
The system also clears any remaining time on the meter as
avehicleleavesthe parking space. The city estimates that
this system will result in a 10 percent increase in parking
revenues.

The Minneapolis-St. Paul International Airport parking
facilities include 10,000 spaces and account for some $3
million in annual transactions. The license plates of al
vehicles parked at the airport ramp are recorded
electronically each night. Vehicle license plates are also
read as a vehicle leaves the parking garages, and the
required parking fee is automatically produced. This
system has increased revenues and has decreased parking
fraud.

The taxis and hotel vans at the airport have recently
been equipped with automatic vehicleidentification (AVI)
tags. The goal of this system is to maintain a maximum
of 15 taxisin the terminal queue at any one time. Other
taxis wait off site until they are called.  Specia
vehicles-such as station wagons or vans-can also be
called by the system. Taxi fares can aso be paid by
credit cards.

Another element of the airport transportation plan is to
limit the time hotel vans circulate or stand at the airport
terminal to 10 minutes. The fee for these vehicles to
enter the airport is currently $.75  If ahotel vanisin the
terminal area for 11 to 21 minutes, an additiona $1 .00 is
charged. After 21 minutes, the parking fee goes up to
$2.00. These charges have not been implemented,
however, as hotels are adhering to the 10 minute limit.
The system will be implemented if congestion becomes a
problem.

A number of traveler information systems are being
implemented in the metropolitan area. MNDOT's HAR
currently broadcasts during the morning and afternoon
peak-periods. The HAR covers 829 square miles of the
metropolitan area.  The HAR is well listened to and
appears to fill an important need.

A number of ITS Operationa Testsand Field Trialsare
underway in the area. These include Travlink, Genesis,
Trilogy, an advanced parking information system in
downtown St. Paul, and an in-vehicle navigation system.

Polaris is the traveler information system which realy
brings al of the these elements together. It includes the
development of a statewide ITS architecture; a statewide
deployment program focusing on paging, cable television,
and use of the Internet and World Wide Web; a road
weather information system in rura parts of the state; and
the mall concept of privatization. This concept equates
the deployment of the different ITS components to amall
manager and individual stores. MNDOT will act as the
mall manager to establish the standards and protocols, and
the private sector-or individual stores-will then provide
the different user services.

In summary, the MnDOT freeway management system
has resulted in a 20 percent increase in capacity and an
increase in freeway speeds of 12 miles per hour. The
adaptive signa control system provides an 8 percent
decrease in travel times over isolated signal systems. The
incident management system has resulted in significant
time savings in responding to freeway accidents. We
anticipate that the other core infrastmcture components
will be equally beneficial.



Dallas Urban Area Integrated Transportation
Systems
James D. Car-veil, Jr., Texas Transportation Institute

The experience with freeway corridor traffic management
in the Dallas area started in the 1970s. In 1973, meters
on 34 freeway ramps were implemented in the North
Central Expressway. In addition, 15 intersections on the
frontage roads were controlled by a central computer for
bus priority. Trailer mounted matrix signs, rotating drum
signs, and a two channel telephone system, which
provided information on freeway conditions, were also
part of the system.

This system worked well. The test data indicated that
freeway speeds increased by 15 percent and delay time
decreased by 15 percent. Bus travel times decreased by
some 10 percent. This system was not continued,
however, for a number of reasons, not the least of which
was a commitment of sufficient resources for operation
and maintenance.  Thus, rather than presenting the
benefits of an existing system, my comments will explore
how the Dallas area is working to develop a new
transportation management system and the anticipated
benefits from this system.

| think one of the key benefits of working toward the
development of ITMS is that it requires a focus on
regional transportation goals. There are 33 municipalities
in the Dallas area. Eight of these have populations greater
than 50,000, with five of these over 100,000. These
municipalities may have different operational goals, but
working toward the deployment of ITMS requires afocus
on regional goals and objectives.

At the same time, ITMS can accommodate jurisdictional
independence. Smaller communities may be concerned
that larger cities or the state will take control of traffic
operations in their community. ITMS can accommodate
jurisdictional differences and operation plans can be
developed to serve the needs of all communities.

ITMS aso provides the opportunity for a more nearly
seamless traffic signal system. Certainly 1ITMS
contributesto the goals of the Clean Air Act Amendments
and may have other environmental benefits. By
combining funding from numerous local sources, ITMS
may help leverage additional federal funds for an area.
ITMS can aso minimize duplication of effort by effecting
shared resources.

ITMS also helps foster inter-jurisdictional
communication and cooperation. In most areas, including
Dallas, multi-agency teams are being used to coordinate
the devel opment and ongoing operations of these systems.
This communication and coordination can spill over to
other projects and helps build closer working ties among
the different groups involved in ITMS,
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I would like to briefly discusstwo projectsin the Dallas
areathe provide examples of these benefits. Thefirstis
the North Dallas County Integrated Traffic Signal System
project. The goa of this project was to improve traffic
service by coordinating signal operation across
jurisdictional boundaries.

The project areais a heavily traveled corridor in North
Dallas County. There were 224 traffic signals in the
corridor operated by six jurisdictions. Most of these were
actuated signals. When the project began, there was
minimal coordination within the cities and none across city
limitlines.

The project objective was to erase the city boundaries
with respect to the traffic signal system. Thus, the effort
focused on traffic operations. The City of Dallas took the
lead on coordinating this effort. Working with the other
cities, the program was presented as a county-wide effort
and a bond referendum was passed by the voters to fund
the system.

An engineering consultant was hired to develop the
timing plans for the corridor. Each city procured the
necessary hardware and controllers with their own
specificationswith the coordinating committee performing
areview and approval of disbursements function.

This system has resulted in numerous benefits. Travel
time in the corridor has been reduced by six percent,
vehicle delay time has been reduced by 34 percent, and
stops have been reduced by 43 percent. The estimated
reductions in fuel consumption and emissions is
approximately 5 percent, and the estimated annua benefits
are $26 million at a cost of $4 million. | think one of the
real benefits of the project is that it showed that Dallas
County could undertake a multi-jurisdictional effort and
that the County and the six cities with differing goals and
priorities could work cooperatively. As aresult, the next
bond election extended the program to other parts of the
County and established $4 million in seed funding for an
incident response center.

The second project | would like to talk about is the
development of aninter-jurisdictional 1TS Implementation
Plan for the Dallas area. This effort grew out of the
Dallas County Integrated Traffic Signal System project.
The multi-jurisdictional working group from the traffic
signal project was interested in continuing their joint
efforts to develop an ITS early deployment plan.

The areaincluded in the early deployment plan covers
a much larger area, encompassing approximately 400
square miles. The 25 member project steering committee
includes representatives from the severd cities, the Texas
Department of Transportation (TxDOT), Dallas Area
Rapid Transit (DART), the private sector, and other
groups. The advisory committee meets on a monthly
basis. A series of one-day workshops have been held to
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discuss major issues and to identify appropriate
approaches.

Major issues being examined in the early deployment
plan include ingtitutional concerns, inter-jurisdictional
issues, formulation of a system architecture for the area,
and development of an ITS implementation plan.
Integrating local traffic signals during incidents was one of
the fust major issues to be addressed. The approach
agreed upon by the Steering Committee is that TXDOT
will operate a central management and information
processing system and that the cities will implement
predetermined signal timing plans in response to specific
incidents. Data and information will be stored among
TxDQT, the cities, and the private sector.

A second workshop focused on on-site incident
management.  The keys to success of Integrated
Transportation Systems include the early involvement of
all affected agencies, monthly meetings of the steering
committee, open discussion, ongoing communication with
all affected groups, and fostering participation of all
agencies. In addition, | think the mutual respect the
members of the steering committee have for each other
has been an important element.

Finally, acommittee workshop produced guidelines for
the deployment of hardware and management systems.

Montgomery County, Maryland
Gram Norton, Montgomery County, Maryland

A question was asked earlier about how to initiate the
development of ITMS. | would like to explain how we
got started in Montgomery County, Maryland, and provide
an overview of our current system. | will close my
presentation by outlining our future vision and the next
steps in the deployment process.

In the late 1980s a truck carrying what was believed to
be hazardous material overturned on a freeway in the
county. The facility was closed for 17 hours while the
different agencies responsible for hazardous materials,
public safety, enforcement, and freeway operations
responded and cleared the incident. The media provided
a full review and audit of the situation. As one can
imagine, the results of the review were not very
complimentary to the way the incident was handled.

The political leadership in the areadecided that thistype
of situation should not be repeated and started the process
to develop coordinated incident response teams. The use
of advanced technologies became an integra part of this
process.

Montgomery County is located just to the north of
Washington, D.C. The county covers some 500 square
miles and has a population of 800,000. Montgomery

County is a “full service” county, in that the county
provides a full range of municipa services. There are
only a few incorporated municipalities in the county and
80 percent of the population livesin incorporated areas.

There are 350 miles of state roads in the county, along
with 2,200 miles of county roads. The county is
responsible for al of the traffic signals on the state road
system.  Because of the county’s location between
Baltimore and Washington, D.C., a great amount of
traffic travels through the area on the three major travel
corridors. All of these corridors are congested and traffic
volumes are projected to increase.

Until the 1980s, travel patterns in the county focused
primarily on work travel into and out of the Washington,
D .C.area As aresult, the county has an excellent
transportation and transit system serving this commute
pattern. The growth in travel in the 1980s occurred
primarily within the county, however. Today, over 60
percent of the work trips begin and end within the county.
The new travel demands developed in both a starburst
pattern and in an east-west pattern. The transportation
infrastucture was not devel oped to support these travel
demands.

The development of a computerized centrally managed
traffic signa system began in the 1980s. The traffic
management center also became areality during thistime.
The first element of the center was managing the 660
traffic signals in the county.

The county experienced a fisca crisis in the early
1990s, similar to many other municipalities around the
country. This resulted in a loss of both capitd and
operating funds. For example, the six year roadway
capital program for the county was as high as $320
million in the late 1980s. The six year budget recently
submitted contains only $88 million for the roadway
program. Thus, it became apparent that funding was not
available to expand the roadway system.  Automated
traffic management and other ITS activities became akey
focus for the new approach to address the transportation
problems in the county. There was strong political
support for the development of these systems.

Thetransportation management system in Montgomery
County includesanumber of elements. The county leases
an airplane which isin the air during the morning and
afternoon peak-periods. The information from this air
monitoring program is provided directly to the center and
to the fire rescue service and the police department. In
fact, the pilot is a retired police officer.

The emphasis in the early 1990s was on gathering
information to help manage the system. Incident detection
and response were major elements of the system and
many of the benefits Jim mentioned concerning the
MnDOT traffic management system were redlized in
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The county also operates a bus system, Ride-On, which
carries  approximately 50,000 passengers daily.
Metrobuses also operate in the county. A little over a
year ago, the dispatchers from the two bus facilities were
relocated to the transportation management center. The
initial impetus for this move was to provide the transit
system with better information on current traffic
conditions. It soon became obvious, however, that the
200 buses operating throughout the county could aso
provide valuable information to the center. Much more
information came in from the bus operators than went out
to them.

It was at this point that we made the consensus decision
to move from traffic management to transportation
management. The effort to fully integrate transit into the
center was initiated at this point. The automated traffic
management system became the automated transportation
management system with the integration of transit.

A GPS-based AVL system is being implemented with
the Ride-On bus system.  Currently, one bus is equipped
with the AVL technology. A 50 vehicle pilot project will
be in operation by the end of the year and the county
recently received a grant from the State of Maryland to
equip the full fleet.

On December 28, 1993, another significant event
occurred. The first of seven mgjor snow and ice storms
hit the east coast that day. Prior to the storm, the county
had installed six video cameras at key intersections on the
arteria street system.  The capability also existed to
broadcast live from these cameras on the county cable
television channel, athough we had never used this
connection.

During the snow storms, the conditions at the six
intersections were shown live on the cable channel. The
reaction the public information office received on this
coverage was very positive. Based on the response, it was
decided to continue this service on a regular basis.
Today, two hours of live coverage are provided every
morning and afternoon on the conditions at 16
intersections, accidents, incidents, the status of the transit
system, and other elements. The channel is also pre-
empted during major snow emergencies and additiona
information on plowing, sanding, and road conditions is
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provided.

Thus, the Montgomery County system has expanded
from just collecting information to managing the
transportation system, to collecting information to manage
the system and to provide it to the public.  This
information is helping individuals to make informed travel
choices.  All possible ways of communicating with the
public are being considered.

Theairplane used by the county has been eguipped with
avideo cameraand live coverage can be provided. The
county also operates two traveler advisory radio stations.
Planning is underway to provide information through the
Internet and through personal computers. The county
system will be linked this month to the State of
Maryland's Chart system and information will be shared
between the two systems. Further, there are plans
underway for a Capital Beltway Codlition that would
expand the linking capabilities of the system.

There are a number of reasons why ITMS is
approximate at the county level. ITMS can enhance the
efficiency of the transportation system-both roadways
and transit-and it can improve safety and security by
providing improved incident detection and response
capabilities. Finally, ITMS can provide critical
information to the public to make informed travel choices.

Expenditures to date on the traffic signal and roadway
elements of the system have been in the range of $8 to
$10 million. Another $4 million will be invested in the
bus AVL system and other transit components. Although
much of the system has been funded with federal and state
funds, communicating the benefits of the system to the
local decision makers has been a critical part of our
effort. We have taken elected officials up in the airplane
and given numerous tours of the center. Broadcasting live
on cable television has been one of the best methods for
obtaining political support for the system.

The overal benefits of the system include getting
greater efficiency out of the transportation system,
providing enhanced incident detection and management
capabilities, improving the safety of the different facilities,
and providing greatly improved information to our
citizens. The Montgomery County transportation
management system represents a critical element to help
meet the future travel demands in the area.
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Catherine McGhee, Virginia Department of Transportation-Presiding

The Monroe County, New York Case Study
Frank Dolan, Monroe County, New York

I will focus my remarks this morning on the institutional
issues associated with the development of ITMS and how
these concerns are being addressed in Monroe County,
New York. Monroe County islocated on the south shore
of Lake Ontario, about 70 miles east of Buffao.

Integrate, as defined in the dictionary, is to form,
coordinate, or blend into a functionor unified whole. The
whole focus of this Symposium is to learn how we can
bring together all of the groups that will need to be
involved in ITMS to enhance the overall transportation
system.

One of the mgjor institutional issues in New York
relates to the state vehicle and traffic law, which grants
the authority for traffic control on roadways to various
jurisdictions. In cases where two jurisdictions conflict,
such as the intersection of a state highway and a county
road, the higher level, or the state in this case, would
have control.  In Monroe County there are 32 local
governments. As a result, conflicts over traffic control
may emerge among the state, county, and local
communities.

The approach utilized to address theseissuesin Monroe
County was initiated almost 25 years ago. In 1971, the
County Executive and the Mayor of the City of Rochester
agreed to develop a coordinated strategy for traffic
management that would cross jurisdictional boundaries.
A formal agreement was established between the city and
the county giving the county responsibility for traffic
engineering on both the county and the city roadways.
The county also assumed funding responsibilities for all of
the traffic functions.

Based on this success, the County Executive invited the
20 town governments to participate in the program. |
think one of the keys to the approach taken by the county
was to invite-not to force-participation. Although many
of the 20 townships did not agree to participate initialy,
primarily over concerns related to maintaining their
authority over the local road system, today all are part of
the coordinated system. With the exception of signa
maintenance which is done upon request, the county
provides al of the traffic engineering functions for the 20
townships upon request. This represented the second step
toward the development of ITMS in the county.

Thethird step occurred in the mid-1970s as a part of
the TOPICS program. The TOPICS program was used to

develop a UTCS traffic signal system to integrate the
state, city, and the county traffic signals into one system
under the authority of the county. The key to this system
was an agreement with the New Y ork State Department of
Transportation to reimburse the county for the operation
and maintenance of the state traffic signals.  This
agreement has been a critical element of the success of the
system. Although staff within the different agencies and
jurisdictions have changed, the agreement has not. Thus,
the agreement represents the backbone of the working
relationships among the various groups. The agreement
also contains specific requirementsfor maintaining certain
levels of operation and maintenance of the system. These
requirements have helped maintain the integrity of the
system during times of budget retrenchments.

Although some speakers have suggested that formal
agreements may not be needed, from our experience |
would encourage the use of formal contracts or written
agreements. To paraphrase the poet Robert Frost, who
wrote that “good fences make good neighbors’-we think
that good agreements also make strong ongoing
partnerships.

Building on the success of these initia efforts, the next
step was to move forward toward au integrated system.
This included coordinating the freeway and expressway
systems, as well as integrating the system with the
emergency services, the police departments, and other
agencies.

As other speakers have noted, it isimportant to build on
successful projects. Our first success story started with a
major interchange project that is referred to as the Can of
Worms. There were concerns that the construction of this
project would cause mgjor traffic congestion and other
problems. Using a coordinated approach, that included
transit agencies, police, emergency services, and other
groups, we were able to avoid any major problems with
the construction of the interchange.

All of these groups were involved early in the planning
process for the interchange. Each phase of the project
was discussed and the responsibilities for different
activities were assigned.  Items addressed included
incident management, public information, construction
phasing, traffic rerouting, and other issues.  This
approach worked very well and no major problems were
encountered during construction.

The County Executive and other decision makers were
very impressed with this process and supported the
continued development of an integrated transportation
management system. The County Executive took the lead



24

in forming an Expressway Committee within the county to
promote an integrated approach. The committee is
comprised of representatives from the State Department of
Transportation, the County Department of Transportation,
the Rochester MPO, City and State Police, the County
Sheriff, and local police departments. There are 11
different police departments in the county. These are
represented on the Committee through the Public Safety
Department. A Town Supervisors Association was also
formed to help keep eected officials informed on the
status of various projects. Representatives from the
Industrial Management Council and the American
Automobile Association are also included on the
Committee, which meets monthly. This Committee has
been active in the development of ITMS in Rochester.
The State Department of Transportation is the lead agency
in this effort and Howard Needlesis the consultant on the
project to develop an integrated system.

Some people may ask why we are pursuing ITMS in
Rochester.  Our average commute time is about 20
minutes and the level of service on most freeways and
arterial streetsis acceptable. Thisis a nice situation to be
in. We want to maintain this situation, especialy given
the importance of the transportation system to businesses
in the area. Rochester is the home to Kodak, Bausch &
Lomb, Xerox, and many other companies. Just-in-time
delivery and making intermodal connections are very
important to these businesses.

With Kodak, the Rochester area is known as the
photography capital of theworld. Asaresult, our ITMS
isgoing to be called the Image System. We will be using
an incremental process to develop the system. The use of
variable message signs and closed-circuit television
cameras on the freeway system will be theinitial focus of
the system. Rochester also gets numerous snow storms
and we get about 90 to 100 inches of snow ayear. These
storms can hit very quickly and can cause havoc on the
freeway system. The variable message signswill be used
to provide early warnings to motorists and truckers about
snow and weather conditions. In addition, consideration
is being given to pavement and weather monitoring
systems.

We are still in the early planning stages for the system.
We plan to continue to work with all the different groups
to ensure a coordinated approach. Thiswill include the
involvement of the key stake holders and the devel opment
of aclear vision and amission statement. Thiswill help
ensurethat everyone has a clear understanding of what we
are trying to accomplish. We thii the system will be
critical for maintaining the economic health and vitality of
the area, as well as enhancing the mobility of area
residents.

TRANSGUIDE in San Antonio
Russell Henk, Texas Transportation Institute

It is a pleasure to have the opportunity to talk about the
‘I"'RANSGUIDE project in San Antonio. While Pat [rwin
and Pat McGowan from the Texas Department of
Transportation (TXDOT) deserve the majority of credit for
the success of the project, neither of these gentlemen were
ableto attend the Symposium. It is an honor to be asked
to fill in for them and provide you a brief overview of the
TRANSGUIDE project in San Antonio.

In the spirit of the ITMS Symposium, | will use a
multimedia approach with my presentation. | will first
show avideo which explains the TRANSGUIDE project.
The video was prepared by TxDOT's public information
consultants. It has been used very effectively in public
meetings and presentations to different groups. After the
video, | will provide an overview of the current status of
the project.

Highlights from the video:

. TRANSGUIDE, which is short for the Transportation
Guidance System, brings together a combination of road
sensors, video cameras, changeable message signs, other
advanced technologies, and people to better manage traffic
on the freeways in San Antonio, Texas.

e Tomotorists, TRANSGUIDE will mean better traffic
flow, less delay due to congestion, safer and easier
driving, and faster response to accidents.

e The Operations Control Center contains three large
video walls that can display maps, current traffic
conditions, and changeable message signs, to help
operators monitor traffic flow on the freeways and
respond immediately to problems.

e The control center also contains individual consoles
for 18 operators (with room for additional expansion,
should the need arise). The Operations Control Center
acts as a clearinghouse. Preprogrammed solutions can be
activated in response to incidents and other problems.

e Road sensors, that provide data on traffic flow,
provide the basic input to the system. Eight hundred road
sensorsand 52 closed circuit television cameras have been
installed along approximately 27 miles of freeway. These
are linked by some 50 miles of fiber optic cables and
connected to computers at the Operations Control Center.

e Overhead lane signs and changeable message signs
will be used to communicate with motorists. Within two
minutes of an accident, the Operations Control Center will



be aware of the situation, and the appropriate response
will be initiated.

e The Texas Department of Transportation (TXDOT) is
responsible for the design, development, and operation of
TRANSGUIDE. Other agencies, including emergency
personnel, will be located in the Operations Control
Center, however, allowing for immediate response to all
types of incidents.

e Theinitial system covers portions of 1-10, 1-35, -37,
U.S. 281, and U.S. 90. The system will eventually be
expanded to cover some 191 miles of freewaysin the San
Antonio area.

e TRANSGUIDE will also form the basis for future
advanced travel information systems in the San Antonio
area.

The important role a project champion can play in
helping to advance ITMS has been noted by other
speakers. In San Antonio, TXDOT assumed this role.
TxDOT took the lead in developing the initial concept for
the system and in moving it forward to reality. To
accomplish this objective, TXDOT had to address the three
T s-turf, threats, and trust-related to institutional issues.
To address these concerns, TXDOT undertook a major
public information effort, aswell as building linksto other
agencies. VIA Metropolitan Transit Authority, the City
of San Antonio, Bexar County, and the police, fire, and
EMSwereal involved in the process. TXDOT promoted
the benefits of TRANSGUIDE to these different agencies.
This approach was well received at the staff level. There
were ill numerous issues related to funding,
implementation, and operation which had to be addressed,
however.

The TXDOT San Antonio District committed 30 percent
of their annual construction budget to design and develop
the ITMS. Although there was no initial commitment of
funds from other agencies, the system was designed with
the flexibility to meet the needs of other groups.

Once the central control center was under construction,
support for the system began to grow. Most of the key
agenciesin San Antonio have now begun to commit funds
to aid in the operations and maintenance of the system.
The first phase of the TRANSGUIDE system covers
approximately 27 miles of the freeway system and
includes the control center, as well as the numerous loop
detectors, cameras, lane control signals, and changeable
message signs mentioned previoudly in the video. The
cost of the first phase was approximately $32 million. A
60-day acceptance testing period has been initiated, and
the system should be fully operational by the end of July.
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The ultimate system will cover approximately 191 miles
of the freeway system in San Antonio.

Thereal challengein the future will be to integrate this
freeway-based system with the arterial roadway system
and other transportation modes.  This issue will be
examined in an early deployment project which will be
initiated thisfall.

The North Seattle ATM S Project
David Berg, Washington State Department of
Transportation

| would like to give you an overview of the North Seattle
Advanced Traffic Management System (ATMS) project.
A paper is available which provides more detail on the
project and related activities in the Seattle area. The
North Seattle ATMS project isajoint effort involving 14
agencies in the Seattle Area. A major focus of the
Washington State Department of Transportation (WSDOT)
has been on improving the overall management of the
transportation system. The North Seattle ATMS project
involves the $1.4 hillion reconstruction of the 1-90
Freeway. Given limited funding and environmental
concerns, this type of project isreally athing of the past.

The North Seattle ATMS project was conceived in the
1980s as a way to share information among the various
agencies responsible for different aspects of the
transportation system. In the past, the major focus of this
type of project has been on the freeway system. The
North Seattle ATMS project broadened this focus to a
regional basis. This larger scope obviously involved the
need for additional funding, and increased the potential for
institutional and operational issues.

As | noted, there are 14 agencies involved in this
project. Theseinclude very large agencies, like WSDQOT,
and smaller organizations. The number of personnd and
their expertise vary greatly among the agencies, as do
available fmancial resources. In addition, each agency
has a separate policy board as well as different priorities,
objectives, and constituents. Coordinating the sharing of
information among these different agencies is a
challenging opportunity.

The North Seattle ATMS project has three main
objectives. The first objective is to develop and implement
aregional monitoring and information sharing system.
The second objective is to develop and implement a
coordinated approach to operations between the various
jurisdictions, and the third objective is to ensure that the
system can be used as a test bed for future ITS
applications.

A number of regional issues had to be considered in the
development of the communications architecture for the
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project. In developing a framework for the
communications architecture it was necessary to look not
just at the North Seattle area, but at the whole Seattle
metropolitan area.  The communications architecture
focuses on a geographically distributed system, which
alows individual agencies to maintain control over their
own systems. At the same time, the system will alow
access to shared information and links to other agencies.

The North Seattle ATMS system will initially use
remote interface units at the different agencies. The key
element of this system will be a communications backbone
that can be supported throughout the region. The
Electrical Engineering Department at the University of
Washington has proposed an approach using the standards
and protocols of the Internet. Developing anetwork on a
client/server basis will help ensure that the various
agencies retain autonomous use of their own individual
systems. This approach also allows for future
enhancements. Both public agencies and private
enterprises should be able to link into the system with new
technologies and new projects. We want to ensure that
the system provides for future growth and development
opportunities.

The need for acommon communications architecture
with this type of project is critical. We want to ensure
that the system developed for this project is compatible
with the approach and the needs for the full metropolitan
area. Basing the architecture for the North Seattle ATMS
project on the approach needed for the full metropolitan
area will make future expansion easy.

There are also anumber of ingtitutional issuesthat have
had to be addressed in the North Seattle ATMS project.
Since the sharing of information among groups is central
to the project, we had to be sensitive to the concerns of
smaller agencies over possible loss of control. Although
the different agencies were supportive of interjurisdictional
cooperation, there was still a concern over the possible
loss of control and authority. These are real issues that
must be addressed with these type of projects.

ITMS projects have focused on heavily congested
metropolitan areas. Questions have been raised
concerning the benefits of ITMS for smaller agencies and
communities. Explaining the benefits of ITMS to smaller
agencies and communities on the fringe of major
metropolitan areas will be critical to the successful
deployment of these systems.

We have also had to address a number of operational
issues. One of the major operational concerns revolves
around the devel opment of interjurisdictional coordination
plans for traffic signals. Issues that need to be addressed
include how the plans are developed, the responsibilities
for maintaining and operating the system, and how
changes and modifications will be made. Dealing with

multiple types of equipment is also a key operational
issue. The North Seattle ATMS project will focus on
linking existing traffic signal systems rather than requiring
anew uniform equipment. At the same time, we plan to
incorporate some of the new national standards when they
become available.

The Washington State Department of Transportation is
the overall project manager for the North Seattle ATMS
project. Our prime consultant is Farradyne Systems, Inc.,
out of Rockville, Maryland. | want to stress, however,
that this is not just a WSDOT project. All of the agencies
involved are stakeholders in the project. These agencies
are the end users of the ATMS system and the project
would not be a success without their involvement
throughout the process. A major portion of the
consultant’s scope of work is to identify, develop, and
implement the base user requirements needed by all the
agencies. In essence, the agencies are our customers and
their involvement is critical to the success of the project.

Another critical success factor is ongoing
communications and regular meetings of al involved
groups. The regular meetings provide the opportunity to
keep al groups actively involved in the project and
informed on the status of different elements. So far the
user requirements have been developed and the base
requirements have been identified. Working papers, draft
reports, and other items are reviewed and discussed and
we make sure all comments and concerns are addressed.
The meetings are also used to give direction to the
consultants and to help ensure the project is on schedule.

A second level group — called the Steering Committee
— has also been used on the project.  Theintent of the
Steering Committee, which is comprised of senior level
staff from the different agencies is to resolve any issues
and to make sure that there is consensus among the
different groups. It aso helps ensure a link to the
decision makers within the various agencies.

Another approach we used to help ensure the
involvement of all the appropriate groups was a teaming
or partnering session. This session involved
representatives from all the agencies and the consultants.
It provided the opportunity to identify and discuss
potential issues and concerns, to initiate the development
of the communications architecture, and to discuss the
objectives of different groups.

The teaming session also helped ensure the development
of a manageable project scope. Reaching agreement on
the key project objectives was an important part of the
process. Ensuring that all the groups were kept informed
and updated on the status of the project and that their
comments and concerns were being addressed were also
part of the process.

The development of the communications matrix was



challenging. This matrix provides names and phone
numbers of the key representatives at all the different
agenciesinvolved in the project. Theteaming charter and
the mission statement were signed and agreed to by
everyone at the session. The project itself is split into
four different phases. These are the development of the
system requirements, the system design, software
development, and implementation. We are now working
on the systems requirements. This phase is identifying
existing systems, data sources, and infrastructuresthat can
be used to support the North Seattle ATMS project. New
data sources expected to come on-line within the next few
months are also being examined for possible
incorporation into the project. Developing a priority list
of al the base user requirements is a major component of
this phase.

The design phase will take the information from the
systems requirement phase, refine it, and develop a
communications architecture. This phase includes the
development of the hardware and software requirements.
At both ends of the first two phases, a reality check is
being made to compare the budget and the schedule
required to implement the base requirements against the
negotiated schedule. This comparison is being made to
ensure that adequate resources and time are available to
implement the system.

The software development phase will then be initiated.
This phase includes developing the functional description
for the system, as well as the coding and documentation
of the system. The fina stage is the implementation of
the system, which is projected to begin in early 1996. An
evaluation of the North Seattle ATMS project will be
conducted by the Washington State Transportation Center
a the University of Washington. This evaluation will
focus on the impact of coordinated control on facility
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performance and safety, the success of the system
softwarein facilitating integration, institutional issues that
influence the devel opment of the system, acceptance of the
system by isolated system operators, and examining the
use of ITS for data collection.

Implementation of the North Seattle ATMS project is
scheduled to start early next year. A two year
development schedule is planned. This is an aggressive,
but manageable schedule for a project of this type.

As | noted, a number of mgjor activities have been
completed. A report detailing the geographical limits of
the project has been completed. An inventory of existing
signal controllers, surveillance data bases, and other
equipment and communication infrastructure in the project
areais aimost complete. A draft report on the proposed
system architecture has been developed. This report
addresses the data collection, processing, storage, and
retrieval mechanisms of the system. A report is aso
expected by mid-June on the proposed control strategies.
The types of strategies will include time-of-day, traffic
responsive, and integrated arterial-freeway control.

In conclusions, | would like to highlight four major
points about the North Seattle ATMS project.  First, like
other ATMS projects, this effort is very challenging both
from atechnical and aninstitutional perspective. Second,
the Seattle experience confirms the need to move slowly
and logically in the development of ATMS. Making sure
the project objectives are clearly articulated, are redlistic,
and are reexamined periodically is critical. Third, it is
important to have regional vision, especiadly in
considering the communications architecture. Finally, the
most important point is to establish a team concept.
Ensuring that all groups are involved and support the
concept is critical to the success of an ATMS project.
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Roles and Responsibilities
Larry Heit, Ohio Department of Transportation

The Advanced Regional Traffic Interactive Management
Information System (ARTIMIS) is currently under
development in the Cincinnati metropolitan area. The
system will cover the bi-state area which includes
Cincinnati, Ohio, Covington, Kentucky, and surrounding
suburbs.

ARTIMIS represents the coordinated efforts of the
Kentucky Transportation Council, the Ohio Department of
Transportation, the FHWA, OKI-which is the MPO for
the area-and the City of Cincinnati. TRW is the major
contractor for the system, which is currently in
development, with full deployment scheduled for October
1996.

As Raj mentioned, one of the challenges of this project
has been the involvement of multiple jurisdictions and two
states. Ohio is a home rule state, which means that the
cities have total control over the roadways in their
jurisdictions, including the Interstate system. The
municipalities provide al police, fire, and EMS services
on these facilities. There are some 20 jurisdictions and 80
agencies in the area covered by ARTIMIS.

The goals of ARTIMIS are to improve air quality
levels, enhance overall safety, and decrease travel times.
To do this the system will ultimately provide pre-trip
travel information, in-vehicle navigation capabilities, in-
route guidance, traffic and congestion management, and
other services.

[-75 and I-71 form the main north-south freewaysin the
area. ARTIMIS will encompass 88 miles of the freeway
system. Approximately 75 percent of the project is in
Ohio and 25 percent isin Kentucky The system involves
825 loop detectors, 60 wide beam radar units, 26 video
detectors, 50 closed circuit television cameras, 43
changeable message signs, five highway service patrols,
HAR, and telephones for traffic information queries.
Communication will be by fiber optic cable and the
control center will be located in downtown Cincinnati.

The development of the system wasiinitiated by OKI,
partly in response to the designation of the metropolitan
area as an air-quality non-attainment area. A committee
was formed by the two states to develop a plan for the
system. The result of this effort was the OKI ARTIMIS
Implementation Prospectus published in 1993.

A Policy Committee, comprised of representativesfrom
the two state departments of transportation and OKI, was

established to oversee the development of arequest for
proposa (RFP) for consultant services, the selection of a
consultant team, and the deployment of the system. A
Technical Committee was also formed. This committee
includes members from both states, OKI, the City of
Cincinnati, and the FHWA. There are aso four
subcommittees, including one on software which | head.
Kentucky assumed the lead on the project, in part because
of more flexible procedures in the consultant selection
Process.

The development of the RFP was amajor challenge. |
was concerned about the lack of detail concerning the
system software. There was only one sentence in the
initial RFP concerning software. After discussions with
many people and extensive reading, we were able to
expand the software specifications significantly. Thiswas
especialy important since alump sum contract was going
to be awarded to the selected consultant. | think it isvery
important to ensure that the software specifications are
clearly spelled out, since the software is the core of the
system.

Based on our experience, | would also stressthe critical
need to communicate and coordinate with local
jurisdictionsand agencies. Bringing them into the process
early is important. This should include listening to their
needs and problems and showing them how ITMS will
help them do their job better.

| hope to be able to report more on the status of
ARTIMIS at the next Symposium. Further, we would
welcome the opportunity to host a future ITMS
Symposium in Cincinnati.

Legal and Procurement
Cindy Elliot, ITS Joint Program Office U.S.
Department of Transportation

It is apleasure to have the opportunity to talk with you
today. Others have mentioned the importance of the early
invovlement of all groups in the ITMS planning process.
| would strongly encourage that attorneys be part of this
group. Attorneys can help with issues that may cause
problems later in the development process. Identifying
and addressing potential issues early can help reduce
unanticipated delays in the implementation of ITMS.
The U.S. Department of Transportation's ITS
institutional issues program is focusing on more than just
legal issues. Environmental and social issues,
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mainstreaming ITS and the planning process, inter
jurisdictional concerns, privacy issues, and liability issues
represent just some of the other areas being examined.
Aninitial scoping of the mgjor issuesin al these areas has
been completed, and we are now focusing on practica
applications that will assist in the deployment of ITS.
This effort is not focusing on a “one size fits al
approach. " Rather, we are looking at the experiences
from projects around the country, including those
highlighted at this Symposium, and identifying approaches
which appear to work.

Two projects underway are focused on this kind of
experience sharing. They aso involve alegal research
component. One of the projects is examining shared
resource ITS activities. The other effort is examining
innovative contracting procedures.

One of theissues being examined is the effectiveness of
different contract instruments for various ITMS
deployments. Most people are familiar with fixed-price
and cost reimbursement contracts, as these approaches are
commonly used with all types of projects. More
innovative contracting mechanisms include design/build,
build-transfer-operate, build-operate-transfer, and
cooperative agreements. These approaches may provide
greater value to agencies on some types of ITS projects.

Some agencies have experience with design/build
approaches, while others are considering it.  Build-
transfer-operate is commonly referred to as a turnkey
approach, while build-operate-transfer is known as the
privatization approach. Cooperative agreements have been
used with some of the ITS Operational Tests. Concerns
have been raised by the private sector on whether this
approach is competitive enough for deployment, however.

We are aso examining the effectiveness of contract
award methods for different ITMS procurements. You
are dl well aware of the problems with low-bid
procedures for the procurement of high technology
systems and projects. These problems have sometimes
resulted in the separation of the design and the
construction phases of a project. Better vaue may be
obtained from the contractor, however, if these two phases
can be combined.

There appears to be a good ded of interest on the part
of public agencies in considering performance criteriain
procurements. Although public agencies have a good
understanding of the goals and functional requirements of
a system, they may need assistance in developing the
technical specifications. The private sector may be looked
a for this expertise. There is concern among private
firms with thii approach, however, which has resulted in
a good deal of litigation. Functional and performance
requirements are not easy to develop and the private sector
often complains that public agencies do not do a good job

of outlining what they want.

A number of private companies have identified
numerous ideas for partnerships with public agencies.
This approach, known as private initiatives or sole source
awards, has not been used widely, however. States vary
in their ability to use sole source contracts.  Staged
procurement is another approach being considered in some
areas. One concern among the private sector with this
approach is that it lacks predictability. There is no
guarantee with this approach that a company making
significant investments in the development of a proposal
and the early phases of a project, will be awarded later
phases of the contract.

One rea chalenge in developing public/private
partnerships is determining the value of the different
elements. These might include the value of the public
investment in the cost sharing elements such as goods and
services, the value of the risk being assumed by the public
sector, and the research and devel opment costs assumed
by the private sector. There is adso a good dea of
controversy over the treatment of intangible assets and
how system integration is paid for.

A number of benefits may be realized through combined
or coordinated procurements. Many of these are well
known. The ability to increase the purchasing and
negotiating leverage with vendors may be one of the more
important of these benefits.

Other speakers have touched on some of the
administrative difficulties of different contracting
approaches. Many of the more innovative approaches are
subject to political and administrative changes. New
approvals may be needed with new elected officias or
administrative personnel. Further, joint efforts may be
very time consuming.  Private sector groups have
expressed concerns with the time it takes to address the
requirements of numerous public agencies. There is also
an ongoing need to ensure the compatibility of the
technology being used by the different agencies.

As | noted, amajor part of the institutional program in
thisareaisidentifying good experiences and case studies.
We are also developing training material that can be used
by awide range of groups. Some of the initia training
efforts are focusing on the use of flexible procurement
regulations and the development of technical
specifications. | would welcome any ideas you might
have on training needs and training approaches in this
area.

There has been a good dea of interest in shared
resource projects by state departments of transportation.
Thereareanumber of legal and political issues associated
with shared resource projects, however. In addition,
telecommunication agencies are very concerned about
groups that create their own systems rather than taking



advantage of capacity in existing telecommunication
systems. This issue has created a good deal of political
interest and Congress is considering possible legidation in
thisarea.

Another shared resource issue relates to if a utility
accommodation policy providesthe authority to use public
right-of-way for telecommunications. Some areas have
found many telecommunication companies aready have
established access and do not have any interest in the
public sector projects.

One of the most important issues with shared resources
isthe lack of public sector authority to receive or earmark
compensation from public/private projects. Many states
aresimply not interested in such arrangements.  This issue
has wider ramifications for public/private partnershipsin
many aress.

There are a number of financial issues that also need to
be addressed.  One of the more important of these
concerns relates to how public resources are valued. A
variety of techniques have been used to assess the val ue of
public resources on projects, but no one best approach has
emerged. Some examples of methods used to date include
competitive auction, cost of the next best aternative, and
needs-based compensation.

Project structure issues may also need to be examined.
The type of consideration is one of theseissues. When
valuing any public resource, it isimportant to consider not
only current needs, but also future needs. For example,
there have been cases where the full long-term value of a
right-of-way was not adequately consider in the valuation
Process.

There are a number of other issues that should be
examined to ensure that the best agreement is realized for
al groups. These include concerns related to relocation,
system modification, geographic and socia equity,
lighility, intellectual property rights, and the potential for
one community or area to be favored.

Finally, privacy is a mgor concern with ITS among
many groups, especidly the public. We need to do a
better job of explaining ITS and the benefits of ITS
projects to the public. One lawyer has said that “ ITSis
infested with nearly impenetrable and constantly changing
acronyms, not to mention obscure technical language
which is frequently understandable only to the most
intrepid technofile. "

On the other hand, the public seems to have grasped the
privacy issues associated with ITS. Even the New York
Times has questioned the privacy implications of ITS.
Thisis an area we need to be extremely sensitive toward.
We have sponsored a number of studies on the privacy
issue, and there are some excellent reports available on
how to ensure privacy safeguards. There are three major
ways to address the privacy issue. These include technical
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strategies, the development and use of industry fair
information principles, and federal or state statutes. All
three approaches will need to be used to ensure privacy
safeguardswith ITS.

Thank you for your kind attention. There are a number
of other issues | could discuss, but | will hold those for
the workshop sessions.

System Integration |ssues
Philip Tamoff, Faradyne Systems, Inc.

My presentation, which will focus on system integration
issues, is intended to help set the stage for more detailed
discussions in the workshop sessions. Since | will be
addressing problems associated with system integration,
many of my comments will be negative.

It is important to remember, however, that there have
been a number of significant successes with system
integration in traffic management. Addressing issues such
as schedule overruns, cost overruns, technical difficulties,
and other concerns will be important for the future
deployment of ITMSand ITS.

Many of the problems with system integration are not
new. In fact, this presentation probably could have been
given 25 years ago. Little progress has been made in
addressing some of these problems over the years. One
of the reasons for this lack of progressisthat ITSisan
outgrowth of the highway system. As a result, we are
suffering from many of the safeguards and constraints that
have been placed on highway construction over the years.
The process used for building concrete freewaysis not the
same process that is needed to design and develop
complex electronic, computer-based, and comunications-
based systems. More focus is needed on examining legal
and policy issues associated with contracting and system
design, development, and operation.

System integration isthe process of combining software
elements, hardware elements, or both into an overall
system. As such, system integration activities must be
part of the ITMS development process from the very
beginning. Early involvement in the planning process,
which should continue through design and implementation,
will help address many potential problems with system
integration.

System integration is not an easy process. Although it
is easy to draw two boxes on a piece of paper and connect
them with a line labeled RS232, it takes a long period of
time to actually accomplish the link between the two.

System integration is extremely important given the
complex systems that are being developed in ITS. Since
ITMSinvolves public safety, thereliability of the systems
iscritical. It is also important to remember that all



groups-from both the public and the private
sectors-share the responsibility to develop reliable
systems on schedule and within budget.

There are a number of reasons why issues still arise in
system integration, even when all parties are committed to
theprocess. First, ITMS are complex, encompassing
hardware and software with both wide area networks
(WAN) and local area networks (LAN), multiprocessor
environments, large geographic coverage, unpredictable
environments, and unpredictable functional and geographic
expansion.

A number of issues often cause problems during system
integration. First, public agencies may not be aware of
either the elements or the conditions of the existing
infrastructure.  This includes the elements they are
directly responsible for, as well as the infrastructure of
other groups. This can result in numerous surprises when
asystem is being implemented.

Second, agencies may require specific software designs
or equipment. Custom designs, which are very expensive
and freguently not needed, may be requested. At one
time, we thought it might be possible to develop
standardized software. Even though the MIST system
mentioned this morning allows for this, none of the
approximately 30 installations of MIST have been the
same due to special requirements, unique reporting
features, and other local desires.  These specia
requirements can significantly increase the cost of a
software system.

Third, the distribution of responsibilities can often cause
problemsin the design and development of asystem. The
responsibility for the success of a system usually does not
rest with just one agency. Rather, successis often shared
between the public sector agencies and the private sector
groups involved in the system design and development.
In addition, coordination must occur not only among these
groups, but also among the numerous departments within
each of these groups.

Current attempts to solve system integration issues often
involve increasing funding levels. New ways are needed
to address and resolve these concerns. Identifying new
techniques and approaches would be a good topic for
consideration in the workshop sessions.

No discussion of system integration issues would be
complete without a discussion of the two commonly used
contracting approaches-systems manager and the
consultant/contractor. In the systems manager process, a
single company is responsible for the software design and
development, and system integration. The public agency
then procures the hardware, software, and construction
services using a low bid procurement process. The
consultant/contractor method has traditionally been used to
design and build highway projects. Under this approach,

a consultant designs the system and then the agency
procures aturnkey installation using this design.

Neither approach is perfect, and there are potential
problems associated with each. Possible issues with the
systems manager method include no single point of
responsibility, lack of control over system interfaces, no
guarantee of mature technology, and no guarantee of prior
experience.  This technique may also force custom
tailoring of software and provides little control over
schedules and inspection.  The consultant/contractor
approach may discourage adequate budgets and schedules
for system integration. Other problemswith this approach
include the fact that the contractor has to implement the
design produced by another consultant, the lead
contractor-which is usualy an electrical firm-rarely
considers system integration issues, and the system
integrator may have little control over schedules and
reviewcycles.

In conclusion, | would like to identify a few elements
for successful system integration. First, a single point of
responsibility iscritical.  Second, it is important to
provide well defined system interfaces. Third, | would
strongly recommend system testing at every step.
Although this will increase costs, the end results will be
better and it may save money in the long run by avoiding
more expensive problems.  Finaly, 1 would suggest
maximizing the use of mature technologies, rather than
requiring special interest components.

Operations and Maintenance
Ed Rowe, Gardner-Rowe Systems, Inc.

So far at this Symposium we have primarily heard de
good news about ITMS. We have heard how ITMS is
going to provide public agencies with the means to better
manage traffic and to provide useful services to the
traveling public. We have been told how this will be
accomplished through a combination of advanced
technologies involving networked computers, complex
software, fiber optic and microwave communication
systems, detectors on of all of our highways, closed
circuit television, changeable message signs, HAR, and
other approaches. We have heard how we will be able to
monitor traffic on our street system and get this
information out to the public.

We have ‘not heard too much about the bad news
associated with these systems, however. The bad newsis
that most of this new high-technology equipment and
software will be the responsibility of state and local
agencies to operate and maintain. Thisis a quantum leap
in the amount and complexity of equipment these agencies
will be responsible for.  If we are not careful, this



wonderful dream could turn into our worst nightmare.
This could happen if currently inadequate resources are
overwhelmed by the demands of operations and
maintenance of this system.

Fortunately, operations and maintenance of ITS projects
was recognized asamajor problem facing public agencies
several yearsago. | will briefly cover the positive actions
that can be taken to address the complex issues associated
with operating and maintainmg ITMS and other ITS
technologies. After providing a brief background, 1 will
highlight issues in the four general areas of
implementation, staffing and training, institutional, and
funding.

A 1990 study conducted by the FHWA Office of
Program Review, which included a survey of 24
representative traffic control systems deployed by state and
local agencies, first identified the problems associated with
operations and maintenance. This study found that 21 of
the 24 systems did not meet minimum standards of
performance due to inadequate operations and
maintenance. These findings raised concerns about plans
for anational ITS program. If state and local agencies
were not able to operate and maintain existing systems,
what would happen with more complex projects using
more sophisticated technol ogies.

The FHWA established an internal Task Force to
investigate actions that could be taken to improve the
situation. This Task Force examined the issues and made
a number of recommendations on ways to improve the
situation. The FHWA also convened an Expert Panel
comprised of representatives from state and local agencies,
a consulting firm, and a university. This Expert Panel
completed a report in 1993 which included 34
recommendations. The FHWA developed an Action Plan
incorporating the highest priority recommendations of the
Expert Panel.

The General Accounting Office (GAO) aso conducted
a review of the problems preventing state and loca
agencies from realizing the benefits from traffic control
systems. The GAO submitted a report on their findings
to Congress in March of 1994. The GAO report
reinforced the conclusions of the FHWA reports and
recommended severa specific actions.

The FHWA contracted with the Institute of
Transportation Engineers (ITE) to address a number of the
identified ITMS operations and maintenance issues. ITE
undertook a number of activities including mail and
telephone surveys of state and local agencies and focus
groups. Three reports based on these surveys are nearing
completion.

ITE also sponsored a national conference on Operating
and Maintaining Traffic Control Systems and an
educational foundation seminar. Further, ITE established
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a national clearing house for the distribution of
information on traffic control systems and a toll free hot
line. Finally, ITE's ITS Council established a task force
to deal with operations and maintenance activities.

| would like to now turn to a discussion of the four
issue areas, starting with implementation problems. In my
experience, consideration of operations and maintenance
issues are often left to the end of a design phase of the
project. | would like to suggest that these issues should
be addressed at the beginning of a project, rather than the
end. To accomplish this objective, personnel responsible
for operations and maintenance should be involved early
and throughout the system design phase.  Trade-off
analyses of hardware and software design options should
include the long-term life-cycle effects on operations and
maintenance costs and staffing requirements.  More
research is needed in this area, but examining the life-
cycle costs of ITMSwill be critical to providing adequate
funding for operations and maintenance.

Design standards are also very important. To the extent
possible, uniform design standards for hardware,
software, communications, and installation should be
considered. Thiswill help reduce the complexity of the
integrated system, simplify hardware interfaces, and
reduce long-term operations and maintenance problems.

Potential issues associated with system procurement
have been described by other speakers. Thereis genera
agreement that the low-bid process is not adequate for
procurement of advanced technologies. The low-bid
process can a so cause future operations and maintenance
problems. The FHWA appears to be moving faster on
addressing this issue than many states and local
governments.

Investments in construction inspection and acceptance
testing will have big payoffs. These should be conducted
to help avoid potential problems related to faulty
construction, as well as hardware and software
development mistakes.

Finaly, hardware and software documentation is an
important but often overlooked issue. It has been my
experience that these products are usualy left to the end
of the project when funding is running low. Additional
up-front investments in hardware and software
documentation can result in significant long-term benefits
to operations and maintenance.

| think most agencies are aware of staffing and training
issues and the fact that they will need additional personnel
with new skillsto maintain and operate ITMS.  Staff will
be needed with expertise in electrical engineering,
computer science, and digital fields. These individuals
will need to be compensated at appropriate levels and be
provided career paths if we hope to keep them. Thereis
ashortage of individuals with these skills today, and there
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isahigh demand for people with expertise in these areas.
Training is another activity that often gets left to the end
of the development process. Even at this point, training
may be nothing more than a one week course. Training
should begin at the start of a project, not at the end.
Ideally, the core staff should have been hired and basic
training performed during system installation. Thisis an
excellent time for “over-the-shoulder” training, with the
core staff working alongside the consultants. A second
phase of training consists of the prime contractor and sub-
contractors providing agency staff with classroom and
“hands on” training in al essential operations and
maintenance functions prior to system turn-on. Finally,
an ongoing training program should take advantage of the
large number of courses availablethrough universities and
other groups. Many local agencies may not be aware of
all the opportunities offered by these groups.

The possibility of contracting operations and
maintenance functions deserves further consideration.
Managers should take a serious look at this approach.
Contracting for operations and maintenance could be a
long-term approach or it could be used as a short-term
bridge until local staff are adequately trained. The
INFORM system in Long Island, New York, is a good
example of thistype of long-term contracting arrangement
for operations and maintenance of ITMS.

A number of ingtitutional issues must also be addressed
in the operations and maintenance of ITMS. Theactive
involvement of multiple groups will be critica to the
success of individual projects.  Agreements regarding
operations and maintenance responsibilities and level of
effort should be established early in the design process.

Establishing policies and procedures for the coordination
of inter-jurisdictional operations should also occur early in
the development process.  These procedures should
address issues such as incident management, congestion
management, diversion of traffic from freeways to city
streets, changeable message signs, ramp metering and
closure poalicies, and coordination of traffic signals at
jurisdictional boundaries.  ITMS aso provides the
opportunity for joint maintenance of equipment among
agencies. Smaller public organizations could especially
benefit through joint maintenance activities with larger
agencies and jurisdictions.

ITS also provides enhanced opportunities for technology
transfer. The closer public agency relationships fostered

by ITMS projects should facilitate more frequent sharing
of this valuable technical information among all
participatingagencies.

Finally, ITMS may require changes in the
organizational structures of many agencies. Operations
and maintenance are typically in separate departments in
most agencies today. Each has their own set of priorities,
and coordination between the two groups may be lacking.
ITMS will require closer cooperation and coordination
between operation and maintenance departments.

Thefinal issue isfunding. Thisis clearly along-term
problem.  The establishment of an adequate and
dependable long term funding source for ITMS projectsis
a mgjor challenge for state and local agencies. This
problem has historical roots in the way highway projects
have been funded. Funds for design and implementation
come from one budgetary source, while funds for
operations and maintenance come from another source.
This separation in funding sources has frequently resulted
in ample funds for project implementation and inadequate
funds for critical operations and maintenance functions.

Certain provisions of the ISTEA go part of the way
toward addressing the problem of funding operations and
maintenance. Two years of startup costs are allowed for
projects funded under the National Highway System.
Under provisions of the Surface Transportation Program,
ITMS operational costs can be funded indefinitely. The
Congestion Mitigation and Air Quality Program (CMAQ)
allows funding for two years of operating costs.

These provisions of ISTEA are certainly a move in the
right direction. Every effort should be made, however,
to revise this legislation to allow complete flexibility by
state and local agencies in the alocation of funds.
Funding at the state and local levels also needs to change.
State and local agencies cannot rely entirely on the federal
funds for operations and maintenance of ITMS projects.
At aminimum, matching funds will be required. To the
extent that any restrictions on the use of state gas tax
funds for operations and maintenance of ITMS by local
agencies exist, they should be removed.

In conclusion, there are a number of positive actions
that can be taken to address theseissues. Solutions are
available to the issues associated with adequately operating
and maintaining ITMS. All that is needed is the will to
change. Thank you.
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Roles and Responsibilities
Jonathan McDade, Federal Highway Administration

The workshop session on roles and responsibilities began
with a discussion of what was meant by an integrated
transportation management system. There was agreement
that the context of ITMS, as defined in the Symposium, is
operations oriented.  There was also an extensive
discussion regarding the relationship of ITMS to the
management systems mandated in the ISTEA and to the
overall transportation planning process. Concerns were
expressed that too many jurisdictions and agencies are
vertically oriented and may lack the horizontal integration
needed to support ITMS.  Thefocus of the workshop then
turned to identifying issues related to the roles and
responsibilities of the various players involved in ITMS
from an operational perspective.

The following issues and opportunities wer e identified
for the seven magjor groups involved in ITMS-the federa
government, state governments, local governments,
metropolitan planning organizations (MPQOs), emergency
services, transit agencies, and private sector groups.

Federal Government

« Federal agencies provide advice and guidance on how
ITMS, ITS, the ISTEA management systems, and major
investments studies all fit together. An overal visionis
needed from the federal government to help promote
coordination among these different elements.

. The role of the federa government in enforcing the
provisions of the ISTEA and other legidation and in
providing guidance and direction was discussed.

e [ederal agencies support funding needs.

e Federal agencies support education and training needs.

. Federd  agencies support documentation and
communication of the benefits of ITMS.

e Federal agencies support ITMS research.

e A national goal, vision, and picture of ITMS is needed
from the federal government.

e [edera agencies support the development of national

standards.
State Government

e State agencies support and help fund local ITMS
initiatives.

e State governments provide the legidative and policy
support for ITMS.

e State agencies support statewide and regional ITMS
needs and requirements.

e State agencies support education and training needs.

e State agencies support operations and maintenance
needs.

e State agencies provide feedback to FHWA and FTA on
ITMS issues, opportunities, and benefits.

e State agencies provide review authority of ITMS
actions,

e State agencies provide a legal environment that supports
ITMS procurements.

e State agencies support multi-agency coalitions and
participate in cooperative efforts with local agencies.

e State agencies support private sector collaborations and
partnerships.

e State agencies support the development of standards and
databases.

e The impacts of interna state agency organizational
structures on ITMS should be explored.

Local Government

e Loca agencies help ensure that local needs are
addressed in ITMS.

e Loca agencies need to show awillingness to change to
support ITMS .

e Consistency in local budgets and resources to support
ITMSis needed.
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o The level of control-shared versus mandated-needs to
be examined as it relates to local agencies.

o Land use and transportation impacts needs to be
explored, as these are critical factors at the local level.

o Thereis aneed to explain the benefits of ITMS at the
local level.

« There appears to be a lack of understanding about ITMS
by many elected officiads. Educational programs are
needed to explain ITMS to loca officials and the public.

o Social and cultural constraints related to ITMS need to
be explored.

« Loca governments need to take responsibility for local
actions.

» Modeling capabilities for estimating the benefits of
ITMS need to be developed.

. The impacts of local agency downsizing on ITMS need
to be explored.

Metropolitan Planning Organization

. The authority of MPOs related to ITMS was discussed.

o Enhanced communications with MPOs is needed.

 Theresponsibility of MPOs in ITMS implementation
was discussed, especially the fact that MPOs are non-
operating agencies and that ITMS is an operational
system.

o There is a need to clearly define the MPO role in
ITMS.

o« MPOs can play a key role to help facilitate the
development and operation of ITMS.

e MPOs can assist in coordinating land use and
transportation.

o MPOs have akey roleto play in air quality conformity
planning.

. Thereisaneed for improved modeling tools.
o Thereisaneed for MPOs to develop a vision of the

future transportation system and how ITMS fits into this
vision.

Police, Fire, and Emergency Services

« The degree of information control required by these
groups needs to be explored.

» There is a need for al groups to agree on standard
procedures to be used at the scene of an incident.

« There is a need to explore the privacy issues that
emerge with the involvement of these groups.

o Thereis a need to examine authority and turf issues that
may emerge with the involvement of these groups.

o The level of cooperation among these groups and
between these groups and other agencies needs to be
enhanced.

o The specia mission of these groups to protect the public
welfare and safety needs to be considered.

o The potential liability issues with the involvement of
these groups in ITMS needs to be explored.

» Theneed for possible legidation to allow these groups
to be involved in ITMS should be explored.

» Communication is key with these groups.

o Issues related to safety and efficiency versus
enforcement need to be explored.

Transit

« Transitisnot now apart of the ITMS process in many
areas. Exploring ways to increase transit involvement in
planning, designing, and operating ITMS is needed.

o The number of transit properties, which may have
different priorities, may be a problem with ITMSin some
aress.

« Thereisaneed for flexibility among transit agencies
and all groupsin accepting integrated solutions.

 The benefits of ITMS for transit operators need to be
explored.

« There is a need to involve transit agency representatives
early in the ITMS planning process.

o Issues related to equity and social responsibilities versus
mobility need to be explored.



e The impact of federa requirements, such as the
Americanswith Disabilities Act (ADA), on ITMSneed to
be explored.

e Transit often feels left out of ITMS and ITS.
Techniques for encouraging greater participation from
transit representatives need to be explored.

e The potentia impacts of heavy transit vehicles on streets
and other infrastructure elements need to be explored.

e The separate sources of federa funding for different

modes can be a problem in the development and operation
of ITMS.

e Possible concerns over the level of operations and
maintenance subsidies need to be explored.

Private Sector

e The potentia for profits from private sector involvement
in ITMS needs to be explored.

e The real expertise of different groups needs to be
considered in the development and operation of ITMS.

e Private sector representatives can act as educators in
advancing ITMS .

e Private businesses can play an important role in
supporting ITMS partnerships and collaborations.

e Thereisaneed to move toward more opennessin the
ITMS planning and design process.

e Thereisaneed to better define the possible roles of
industry and private sector groups involved in ITMS.

e Thereisaneed to recognize long run versus short run
profits with ITMS.

e Liability issues related to the development and operation
of ITMS need to be examined.

e Private sector representatives can provide needed
leadership in ITMS.

e Quantifying the benefits from ITMS to private industry
groups is needed.

e Private sector groups can help support technology
development in ITMS.
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e Private businesses may also be involved through the trip
reduction potentialsof ITMS.

Following this discussion, alist of issues related to the
roles and responsibilities of the different groups involved
in ITMS was developed. Each member of the workshop
identified their fivetopissues. The following five issues
emerged as the most critical for helping advance ITMS.

e Defining the MPO role and authority in ITMS.

e Promoting transit as afull player in the ITMS process.

e Encouraging the development of federal guidance on
ITMS and other I TS program elements.

e Enhancing funding support for ITMS.

e Communicate the benefits of ITMS at the local level.
Other issues such as operations and maintenance and
public safety agency procedures during incidents were also
rated highly. Specific actions that could be taken to
address each issue were identified by the workshop
participants. These are summarized next.

I ssue-Defining the MPO role and authority in ITMS.
Actions

e Develop recommendations for the next federal
transportation re-authorization bill.

e Encourage dialogue among federal, state, local
governments, and MPOs.

e Discuss the role of MPOs in ITMS at other
conferences.

e Disseminate summaries from certification reviews on
MPO performance from a national perspective.

e Support research on regional modeling and technical
tools.

I ssue-Promote transit as a full player in the ITMS
proCess.

Actions
e \Work with the American Public Transit Association

(APTA) to encourage greater transit involvement in
ITMS.
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« Support the development of information on the benefits
of ITMS to transit industry aud communicate this to transit
agencies and operators.

o Communicate the benefits of transit involvement in
ITMS to traffic engineers.

o Add a transit representative to the TRB ITMS
Symposium Planning Committee.

o Add a transit representative to the TRB ITMS
Subcommittee.

» Encourage greater transit involvement in the Institute of
Transportation Engineers (ITE) ITS Council.

» Encourage greater transit involvement in congestion
pricing studies.

« Involve transit agency representatives in establishing ITS
America state chapters.

I ssue-Encourage the development of federal guidance
on ITMS and other ITS programs.

o Clarify the relationship of ITMS, the ISTEA
management systems, and MIS within the planning and
operations framework.

o Encourage the development of information on the
measurable benefits of ITMS, including case studies and
best practice examples.

o Support the development of information on ITMS
success stories, experiences on what works, and best
practices.

Issue-Enhancing funding support for ITMS.

Action

« Support astudy to determine if funding mechanisms at
all levels support ITMS objectives.

| ssue-Communicate the benefits of ITMS at the local
level.

Actions

 Support atask force targeted to providing information
on ITMSto local communities.

Focus communication efforts on local groups, such as

chambers of commerce, local officias, businesses, and
other organizations.

o Communicate the benefits of integrating existing
systems and developing ITMS to local organizations using
focus groups and other market research and marketing
techniques.

Legal and Procurement
Frank Dolan, Monroe County, New York

This workshop started with the identification of the legal
and procurement issues associated with the design,
development, and operation of ITMS. A total of 30 issues
were identified during the initial discussion. The
workshop participants then reviewed these issues for
common themes. The five genera areas of contract
issues, legidlativeneeds, operational and privacy concerns,
innovative financing, and liability issues emerged from
this discussion.  The following issues and action
statements were developed to help define the major
concerns within each of these five areas.

I ssue-Contracts

o Current methods of contract award are inappropriate for
procuring advanced technology equipment and services.
For example, pre-qualification requirements may preclude
certain companies from being the prime contractor, and
state and federal regulations often prohibit sole source
contracts. Low-bid requirements are often not the best
approach for high technology procurements.

o Burdensome requirements are often placed on
contractors in ITMS.  These may include financial
disclosure reguirements, which may preclude certainfirms
from participating in ITMS, and proprietary software
iSSues.

o The multi-party contracts needed in ITMS introduce
new complexities in the devel opment and operations of
systems.

Action

o Develop a package of effective contracting
recommendations and actively promote their use by
contracting agencies. The Legal Issues Committee of ITS
America is appropriate take the lead on this effort with
input from the different user groups.



Issue-Legislative

o There is a need for more flexible legidation to
encourage greater opportunity and authority for partnering
at both the state and the federal level.

Action

« Develop recommendations for operational policies
addressing privacy issues associated with ITMS. ITS
America with input from AASHTO, ITE, and other
groups are appropriate to undertake this effort.

Issue-Operational and Privacy

« Policy andlegal guidanceisneeded onwhat information
isin the public domain, what information can and should
be collected, and what information can and should be
released.

Action

« Develop mode legidation and encourage its use by
states. The states are appropriate to take the lead on this
with assistance from ITS America, the American
Association of State Highways and Transportation
Officids (AASHTO), the Ingtitute of Transportation
Engineers (ITE), and other groups.

Issue-lnnovative Financing

« Information and procedures are needed for determining
the value of public resources and public infrastructure
elements. Information and guidelines are also needed on
how to use ITMS-generated revenues to operate, maintain,
and expand the system.

Action

« Support the development of guidelines for determining
the value of public resources and public infrastructure
elements.  This could include the development of
recommendations for channeling revenues to support
ITMS operation, maintenance, and expansion. AASHTO
is the appropriate group to take the lead in this effort with
input from the states.

I ssue-Liability
« Clarification is needed on potential liability concerns

and how that liahility can be allocated among the groups
involvedin ITMS.
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Action

« Support the identification of the potential liabilities
associated with ITMS and recommend methods for fair
allocation of potential liability among the groups involved.
The states are the logical entity to take the lead in this
effort with federal guidance and input from ITS America,

AASHTO, and other groups.

System Integration
Donald Dey, City of Menlo Park, California

This workshop focused on a discussion of the system
integration issues associated with ITMS. To help frame
the discussion, a hypothetical multi-agency ITMS project
was proposed with participants assuming the roles of staff
from the different agencies involved. The project
management team for the ITMS consisted of
representatives from a state department of transportation,
atransit agency, acity, an air quality control district, a
police department, and the private sector. The following
five key issues and recommended actions were identified
through this process.

Issue-The term system integration needs to be defined
for the team.

Action

o The team should identify the three levels of system
integration. These are ingtitutional integration, procedural
integration, and technical integration. The process of
defining each of these levels will provide a forum that
alows al agencies to identify their needs and wants.

I ssue-ldentify the qualities that a system integrator
should possess.

Action

« For theinstitutional issues, the team should establish an
ongoing coordination committee. For the technical and
procedural integration, a private or public agency should
be sought that has the horizontal capabilities to understand
every agency’s needs and desires.

Issue-How does the team minimize the life-cycle costs
associated with ITMS?

Action

e The team should develop a requirements identification
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process that highlights each agency’s goals and needs.
The team should select appropriate industry standards for
hardware and software components to minimize life-cycle
costs of implementation, operations, maintenance, and
staffing.

I ssue-How will the system guidelines and standards
address rapidly evolving technologies?

Action

e The system design guidelines and standards should be
developed to alow continuous response to the availability
of new technologies, with a focus on common level
systemelements.

The workshop participants then discussed who should
implement the five recommendations.  There was
agreement that the lead agency or system integrator
agency should be the organization with the most
appropriate resources. The lead agency may vary from
areato area. In many cases, the state department of
transportation will be the appropriate agency. This may
not always be the case, however, and other agencies or a
new organization may be the logical lead group in some
areas.

Operations and Maintenance
Joe McDermott, Illinois Department of Transportation,
and Ed Rowe, Gardner-Rowe Systems, Inc.

Participants in this workshop discussed the operation and
maintenance needs of ITMS.  Four genera issue
categories were identified to help focus this discussion.
These were implementation, staffing and training,
institutional, and funding. The role of the private sector
in operations and maintenance was a so discussed. The
major issues identified in each of the four categories are
summarized next.

Implementation Issues

e Operations and maintenance staff from the different
agencies need to be included early in the ITMS planning
and design process.

e Life-cycle support should focus on the quality of the
installation, not quantity. There is also aneed to define
the life-cycle length associated with ITMS components.

e Concerns were raised as to how much of an issue an
ITMS manager should make about operations and

maintenance funding in promoting a project. There was
agreement that the estimates should be redlistic and that
they should be openly addressed early in the process so
that they do not become a new issue later.

e There is a need to get private sector personnel and
firms involved in the initial preliminary design phase of
ITMS.

e Enhanced coordination amongjurisdictionsconcerning
ongoing operations and maintenance is needed to ensure
that all groups are involved and committed and that any
necessary agreements are in place.

e Theissue of a possible partnership with the media and
therolethey should play wasdiscussed. Concerns raised

focused on including media representatives within the
control centers, what agreements need to be in place with

the media to provide and share information, and possible
liability issues concerning video transmissions.

The potential of partnershipswith wrecker servicesfor
incident response was discussed. Different contracting
procedures were identified and possible liability issues
were outlined.

e Government/medialprivate partnerships must also
include accountahilities to define how any partner may
drop out without severe burden on others.

e The role and authority of the FHWA in requiring
operation and implementation plans was discussed. The
current regulations and standards for FHWA involvement
in monitoring operational plan was also discussed. It was
noted that FHWA requirements can be used by agencies
to obtain support from decision makers for operations and
maintenancefunding.

Staffing and Training Issues

e A sKill inventory of personnel needs should be
conducted during the design phase, prior to
implementation.

e |TMSmay provide theimpetusto make organizational
changes and to add efficiencies within agencies. Head
counting versus right-sizing was discussed. Participants
noted the importance of remembering that the Interstate
system has been built and that there is a shift from design
and construction to systems management.

e Operations and maintenance often require staffing
beyond the norma 40-hour work week.  24-hour



operations are usually required. It takes five people to
staff one position when 24 hour-a-day, 7 day-a-week
operations are required.

e San Antonio is exploring the possibility of connecting
personnel at home to respond remotely when the
operations center is not staffed. The Atlanta system is
being designed to allow the control center to take control

of several sub-regional centers during off hours if
necessary.

e Exploring possible opportunities to take advantage of
emergency services technologies and organizations to build
upon and to minimize operations staff were discussed.

e Problemswith finding qualified staff were discussed,
particularly since non-traditional disciplines may be needed
for ITMS.

e Thefact that technical skills, aswell as persona skills,
are needed in operations and maintenance was noted by
participants.

e There was agreement that courtesy service patrols are
the best public relations program of many state
departments of transportation. Motorist assistance patrols
may be counted as part of the operating staff, however,
which can be a drawback.

e The point was made that agency staff resources are still
needed for oversight even if work is contracted out.

e Currently, paliticians are very conscious of reducing
staff levels in many agencies.  This often forces
contracting out for operations and maintenance functions.

e Each ITMS is unique, so staff levels may vary.
Liability issues may emerge if staffing is not adequate for

an emergency situation, however. The suggestion was

made to establish standards based on functions for staffing

needs. These might include the hours of operation for the
system or other functional standards.

e Exploring the use of standards and operating
procedures to minimize increases in staff levels was also
discussed.

e Many agencies are looking at the prospect of not being
ableto hireto fill vacancies due to agency downsizing and
budget constraints.  This forces contracting out for
operations and maintenance activities.
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Institutional 1ssues

e The mindset of more experienced personnel and the
traditional way of doing things may beinstitutional issues
that will need to be addressed in the deployment of ITMS.

e |t wasnoted that institutional problems may emergein
maintenance as well asin operations.

e A team effort is needed to address ingtitutional issues
before building complexitiesinto the systems.

e The culture of many state departments of transportation
can be a problem with the deployment of ITMS. Most
state departments of transportation still have a traditional
highway orientation and a construction focus.

e Some cities and groups may be suspicious that ITMS
isjust atechnology toy. New technologies have not been
embraced by significant parts of these organizations in
many Cases.

e FEducational and outreach activities are needed to
communicate the benefitsof ITMS.

e The issues of turf, trust, and threat were discussed.

e The organizational structure of traditional
transportation agencies, which is fairly inflexible, can
work against the most efficient operation.

e Another problem in some transportation agencies is
that maintenance and operations personnel are not looked
upon as equals. There is a need to promote a team
approach within an agency as all functions are important.

Funding Issues

e It is often hard for transportation agencies to draw
positive attention and funding to ITMS when competing
for limited resources with police, fire, emergency
services, and other groups.

e Funding constraints are often amajor roadblock to the
ongoing maintenance of ITMS.

e Thereisaneed to establish aline-item budget amount
for operations and maintenance based on life cycle costs
in the early planning stage.

e The potential for establishing dedicated funding for
traffic operations was discussed. Although there are some
benefits from having a separate source of funding for
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traffic operations, there are also some drawbacks.

e |tisnot redlistic to believe that local funding, as well
as state funding, can come from primarily genera
revenues.

e Insomearesas, local jurisdictionsare competing against
the region for funding. If one community gets funding
one year, they have less chance in the next few years.
The suggestion was made to establish federal matching to
maintain ITMS operations and that life-cycle support is
needed.

e Funding of training is aso needed. Needed training
programs may not be available locally, and federal funds
and programs should be examined.

Based on the initial discussion of these issues, the
workshop participants identified the five major concerns
related to ITMS operations and maintenance.  Action
items to address each of these issues were also identified.
The following summarize the five items identified for
priority consideration.

| ssue-Performance guidelines are needed for ITMS
operations and maintenance elements.

These guidelines should identify expectations for the
delivery of services to public and private users. The
guidelines should also reflect a range of site-specific
conditions rather than absol ute national standards.

Actions

e FHWA and AASHTO should consider expanding upon
and updating the NCHRP Malfunction Management
Report. This should include information on surveillance,
control, driver expectations, and other common ITS
elements.

e FHWA should consider coordinating the preparation of
areport on staffing guidelines for ITMS maintenance and
operations. The recent ITE report on operations and
maintenance practices could be used to help in this effort.

e FHWA should consider establishing a national
laboratory for testing and evaluating I TM S equipment and
systems, and providing for the national distribution of
results.

e FHWA should consider establishing an electronic
bulletin board for the sharing the experiences with various
ITM Stechnologies.

I ssue-Consider ation should be given to developing
funding for operations and maintenance programs on
alife-cycle basis.

The identification of realistic life-cycle lengths and costs
should be included in this effort.

Actions

e FHWA should consider initiating a research study to
compile and maintain ITMS life-cycle data.

e Federa, state, and local agencies should be encouraged
to provide life-cycle support with dedicated funding,
including replacement as needed, of ITMS elements,

Issue-Establish inter-jurisdictional ITMS teams,

Establish early involvement of all inter-jurisdictional
ITMS team participants.

Actions

e The lead agencies in ITMS should be encouraged to
establish agreements between all participants at the
beginning of the planning process to support long-term
system operations and maintenance.

e |TMS teams should be encouraged to establish and
agree on detailed operations and maintenance plans prior
to design completion.

Issue-Incorporate operations and maintenance
considerationsinto the ITMS design process.

Maximize the inclusion of operations and maintenance
issues within the ITMS design process.

Actions

e Inclusion of operations and maintenance staff within
the ITMS design team should be encouraged.

e The development of national and regional
clearinghouses for gathering and distributing best practices
for servicing and maintaining principle system components
should be encouraged.

e The utilization of existing hardware and software
standards should be encouraged whenever possible.



Issue-Address future ITMS staffing needs.

This should include the recognition that long-term public
agency downsizing will require greater utilization of
contract personnel for operations and maintenance. It
should also consider inter-agency resource pooling
opportunities for optimal staffing of ITMS operations and
maintenancerequirements.

Actions

e Model private agreements for contracting and inter-
agency agreements for pooling staff resources should be
developed.

e Theinclusion of technical disciplines, compensation,
and career path requirements for operations and
maintenance personnel should be encouraged.

Summary of Common Themes and Ranking of the
Top Issues
Dennis L. Foderberg, University of Minnesota

| was asked to observe the different workshop sessions
and to help identify a few common themes from the
various groups. Y ou have been asked to select the five
top issues that need to be addressed to help advance
ITMS. | will review the results of the voting at the end
of my presentation. As described by the previous
speakers, each of the workshops identified the top issues
and research needs in their area.

| had the opportunity to sit in on each of de workshops
and to listen to the discussions in the different groups. All
of you are to be complimented on your participation.
Each of the workshops had spirited discussions on the key
issues and potential action steps within their focus area.

| think the opening session did an outstanding job of
setting the tone for the Symposium. One of the key points
made by al the speakers was the need to focus on the
whole transportation system, not just traffic management.
The need to involve al groups early and throughout the
planning, design, implementation, and operation of ITMS
was also made. These, and other themes, were supported
by the other speakers and by the discussions in the
workshops.

Eight mgor themes seemed to emerge from the
workshop discussions, as well as the general sessions. |
would like to highlight each of these eight themes and
present some additional ideas for your consideration.

First, al of the workshops discussed the need for
communication and coordination among all of the groups
involved in planning, designing, funding, implementing,
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and operating ITMS.  The importance of open and
continuous communication was stressed as a critical
element of successful projects.

Second, the need for the early involvement of all groups
was stressed by speakersin the general sessions and by
participants in the workshops. It was noted that the
diverse agencies and groups involved in ITMS make this
early involvement more difficult, but aso moreimportant.
The participation of not only multiple agencies, but also
different groups within these organizations, as well asthe
private sector, will be critical to the success of ITMS.

Issues related to different aspects of operations and
maintenance were discussed in al of the workshops.
Although this was the mgor focus of one of the
workshops, the need to consider operations and
maintenance issues related to legal concerns, system
integration, and agency roles and responsibilities were
discussed in the other workshops as well.

Questions about liability concernswerealsoraised in all
of the workshops and a wide range of potential issues
were discussed.  This appears to be an area where
additiona research is needed to help ensure that possible
ligbility problems are identified and addressed early in the
ITMS planning process.

Funding also emerged as a major concern in al of the
workshops. Ensuring adeguate funding for all aspects of
ITMS-from planning and design to system procurement
to operations and maintenance-was identified as a top
priority. The roles of various governmenta levels in
funding ITMS were discussed, and there seemed to be
agreement in al of the workshops that innovative
approaches which maximize available resources from all
groups will be needed to advance the deployment of
ITMS.

Institutional issues were raised throughout the
discussions in al of the workshops. The roles and
responsibilities of various groups were debated and good
case study examples were presented. The need for a
project champion emerged from many of the groups as a
key element to successful projects.

Federa and state legidative needs were discussed in
most of the workshops. The responsibilities of these two
levelswereidentified, and legidlativeinitiatives related to
ITMS and ITS were outlined.

Finaly, the need for partnerships-public/public,
public/private, and private/private-was brought up in al
of the workshops. There seemed to be agreement that
there is still much to be learned about developing and
maintaining these partnerships. The mgor element of
these discussions focused on ensuring that the key people
and groups are involved in the partnership.

The workshop results provide an excellent summary of
the key issues and opportunities associated with advancing
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the deployment of ITMS. The action items present a good
starting point for the development of a strategic agenda for
ITMS.

The results of the ranking of the top five issues and
actions indicate a good deal of consensus among the
Symposium participants. The top concern-the need for
revisions to contracting procedures-was rated well above
the others. There were five issues rated fairly closely
together after thiselement. Asaresult, the following top
six issues and actions relating to ITMS were identified.

Issue-The current methods of contract selection and
contract award are often inappropriate for procuring
advanced technologies and related services.

Action

« Efforts are needed to explore aternative contracting
methods to identify changes in legidation that may be
needed to allow public agencies to use these procedures,
and to document the experience with alternative
approaches. Additional research, including the
preparation of a Synthesis, best practice examples, case
studies, and model guidelines and contraction procedures
would be appropriate.

| ssue-Performance guidelines for ITMS operations
and maintenance are needed.

Action

o The development of performance guidelines for ITMS
operations and maintenance should be pursued. These
guidelines should consider a range of site-specific
conditions, as well as identifying the expectations and
roles of different agencies and groups.

Issue-Thereisaneed to incor porate operations and
maintenance considerations into the ITMS design
process.

Action

» The development of best practice examples highlighting
the inclusion of operations and maintenance consideration
into the ITMS design process should be encouraged, as
should support for the ongoing sharing of information.
Possible approaches for consideration include the
development of a Synthesis, best practice case studies,
papers and presentations at future conferences, and the
development of general guidelines for incorporating
operations and maintenance consideration into the ITMS
design process.

Issue-Explore funding support for ITMS,
Action

« Efforts should be supported to examine and identify
innovative funding sources and approaches, to develop
best practice case studies and reports documenting
different ITMS funding techniques, and to continue to
highlight examples at future conferences.

I ssue-l dentify the benefits of system integration.
Action

« Efforts should be supported to document the benefits of
system integration, to identify alternative approaches, to
monitor best practice case studies, and to develop general
guidelinesfor system integration.

Issue-There is a need to better communicate the
benefits of ITMS at the local level.

Action

o The development of information on the benefits of
ITMS for use with local elected officials, the public, and
other groups should be supported.  Encouraging the
ongoing communication among all groups at the local
level should be part of this effort.
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Ledlie N. Jacobson, Washington State Department of Transportation-Presiding

Use of ITMS Actions to Manage Traffic After the
Los Angeles Area Northridge Earthquake
Anson Nordby, City of Los Angeles, California

It is a pleasure to be here this morning. | would like to
highlight some of the benefits of a well designed and
operated ITMS in my presentation. | will use the
experience in the Los Angeles area after the Northridge
earthquake to help identify how ITMS and the Smart
Corridor project were used to help manage traffic after the
earthquake. | will also mention a few of the other
techniques used to respond to the damage caused by the
earthquake.

The 1984 Olympics in Los Angeles provided the
opportunity to develop and deploy many elements of an
advanced transportation management system.  These
included the ATASC traffic signa control system and
many other components. Managing the transportation
system for the Olympics also required that numerous
agencies and groups work together and coordinate their
activities.  This proved to be a very positive experience
and set the stage for the ongoing cooperation and
communication among agencies that exists today.

Los Angeles has some of the most heavily traveled
freeways in the United States. For example, over 340,000
vehicles a day use the Santa Monica Freeway. Forecasts
indicate that vehicle volumes will continue to grow and
that freeway travel speeds will continue to decline.
Increases in population are also projected.

Although the freeway system is heavily utilized in Los
Angeles, there is often available capacity on paralé
arterial streets in many corridors. The Smart Corridor
project was devel oped to response to this situation. The
focus of the Smart Corridor project is to attempt to
balance the use of al available facilities in a heavily
traveled corridor. The Santa Monica Freeway and the
five parallel streets adjacent to it were selected asthe first
project to test this concept. Thefive parallel streets have
about the same capacity asthe freeway. By shifting some
of the demand from the freeway to the arterial streets we
may be able to improve the overal operations of the
corridor.

A number of traffic control centers have been devel oped
by different agenciesin the Los Angeles area, including
those operated by the City of Los Angeles (LADQT), The
California Department of Transportation (Caltrans), and
the California Highway Patrol (CHP). One of the biggest
challenges was to interconnect and coordinate these traffic

centers into a coordinated approach to traffic management.

One of the first stepsin the Smart Corridor project was
to extend the ATASC system to include the city streets
surrounding the Santa Monica Freeway. Other
enhancements to the system were made as well. The
ATASC system provides excellent graphics showing the
status of the intersection controllers, the traffic on the
approaches, and it alows for ongoing diagnostics of the
communications system.

A number of other elements were added in the corridor.
These included changeable message signs on the arterial
streets, alow power HAR, and closed circuit television
cameras.  The closed circuit televison component
provided over 70 percent coverage of the main arterialsin
the corridor. Caltrans, CHP, and LADOT control centers
were aso linked together.  Much of the information
generated by the system is also provided to the public.
For example, the Caltrans map showing the status of the
freeway system is shown on the government access cable
television channel. The same information can also be
accessed from apersona computer over dia-up telephone
lines. Further, this information is shared among the
different control centers and agencies.  This helps
coordinate traffic management efforts and incident
response activities.

On January 17th at 4:31 A.M., a mgjor earthquake hit
the Los Angeles area. The earthquake lasted for 30
seconds and measured 6.8 on the Richter Scale. The
Northridge area of the San Fernando Valley was
especialy hard hit by the earthquake. The earthquake
knocked out al of the electricity in the Los Angeles area
resulting in aloss of power in over 450 square miles of
the City of Los Angeles and a considerably larger area
within the county.

Asyou are dl aware, the damage from the earthquake
was very extensive. Over 10,000 buildings were damaged
and the freeway and roadway system suffered major
damage. A coordinated approach was needed to respond
to the situation and the different agencies in the area
worked closely together to return the transportation system
to normal as quickly as possible.

Damage to the freeway system occurred primarily in
twomainareas. One was the interchange of the I-5 and
the 1-14 Freeways and the other was the Smart Corridor
and the 1-10 Freeway. Some of the connector roads along
I-5 collapsed in areas with over 216,000 average daily
traffic volumes. In addition, parts of the freeway were
severed, isolating vehicles that were able to stop in time.
In this particular area we were lucky to have an old road
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that wasthere before the freeway system was constructed.
We were able to use this facility as a major detour in the
area.

One thing we found out as a result of the earthquake is
that if you want to find a way to get people to shift their
mode of transportation, destroy your facilities. Ridership
on MetroLink, the commuter rail service in the corridor,
experienced a dramatic increase in ridership after the
earthquake.  Before the earthquake, aproximately 950
passengers a day were using MetroLink. After the
earthquake almost 22,000 passengers a day were using the
service. Additional cars were added to the service, five
new stations were built, and other improvements were
made to meet this increased demand.

Coordinating traffic in areas with older traffic signal
control systems was a challenge. In some cases, we had
to have engineersand technicians manually controlling the
signas in the field and communicating with others through
the use of radios. Gathering and disseminating
information was extremely difficult in this situation. This
approach obviously required extra staff resources and was
difficult to sustain for a long period of time. It did help
maintain traffic flow over the short term, however.

Managing traffic was easier in the Santa Monica
Freeway Corridor, as the ATASC system and the traffic
management system were in place. The damage to the
freeway caused the equivalent of approximatley 20 lanes
of traffic to be diverted onto the arterial street system
managed by the Los Angeles Department of
Transportation. The traffic management system in the
Smart Corridor was used to assist in responding to
problems in this area.

The Caltrans Traffic Operations Center began to
disseminate motorist information immediately after the
earthquake.  Caltrans aso began to identify possible
detours and traffic management strategies. Work was also
initiated on contracting for demolition and rebuilding of
the freeways.

One of the things we did was to provide high-occupancy
vehicles (HOVS) with a short detour while requiring
single-occupancy vehicles to take a more circuitous
detour. This helped encourage greater use of HOVs.
Cdtrans promoted the use of the facility and used
changeable message signs to let the motorist know that
there was a tiff fine for violating the occupancy
requirement.  The Cadlifornia Highway Patrol aso
provided visible enforcement of the lane. Further,
Caltrans was able to utilize a damaged flyover ramp as a
detour in another area.  Although the ramp had been
damaged, the decision was made to shore it up and use it
as adetour. Thisworked very effectively.

With the detours in place, a number of basic ITS
elements were used to help operate and manage the

system. These included changeable message signs, HAP,
and providing updated information to the public and to
local officials.

Demoalition of the damaged structures began very
quickly.  Significant incentives were provided to
contractors to complete demolition and reconstruction
projectsearly. This approach proved to be very effective
and most projects were completed early. In some cases,
this approach caused problems for the traffic management
plans, however. Conflicts did arise in some cases when
contractorsin their zeal to complete projects early caused
disruptions in traffic flow. Some problems occurred
because contractors were not willing to follow roadway
closureplans. It was difficult to manage traffic in this
setting. As a result, video surveillance of construction
areas was initiated to monitor activities.

This experience indicates the need for a dynamic
intelligent transportation system that allows an agency to
add and modify elements in response to changing
conditions.  For example, a new traffic signal was
installed at amajor intersection in six hours. A helicopter
was also used to help identify potential detours and other
traffic management strategies. As one of the people who
assisted in this effort, it gave me the opportunity to see
the whole city and to see how well the traffic management
systemworked.

A 60 to 180 percent increase in vehicle volumes was
experienced on parallel arterial streets during the
reconstruction of the freeways. Changing the timing of
the traffic signal systems hel ped manage this additional
demand, but other measures were also used. For
example, on-street parking was removed in many areas,
allowing an additiona lane for traffic. The timing of
traffic signs was constantly being adjusted and readjusted
and other elements were modified in an attempt to
maximize the efficiency of the system. Many of the tools
and approaches we used are exactly the same as those
deployed with ITMS.

As you know, the freeway system in Los Angeles was
rebuilt and reopened earlier than predicted. Traffic was
managed effectively during reconstruction of the freeways
by dynamically changing plans and detours on a daily
basis. From driving through the corridor on a regular
basis and from observing the area from the air, | would
say that the capabilities of the traffic management systems
in the area are tremendous.

Although | would not recommend an earthquake as a
way to test ITMS, our experience showed that the system
worked very effectively. | think we are moving into a
new era of transportation management in this country and
the next few years should be an exciting time in the
profession.



A Look Ahead to the 3rd ITMS Symposium in
Boston, June, 1996-1TM S Activities in the Boston
Area

Michael Costa, Massachusetts Highway Department

It is a pleasure to have the opportunity to provide an
overview of transportation activities in the Boston area and
to extend an invitation to join us in June of 1996 for the
Third ITMS Symposium.

Because this session looks ahead to next year, | would
like to take a few minutes to talk about the Boston area.
By attending the Symposium you will have the opportunity
to see the Swan boats in the downtown Public Garden,
Faneuil Hall Marketplace, the USS Constitution, the
Bunker Hill Monument. If you come to Boston, you will
also be able to see another sight-traffic congestion.

ITSisone of the tools Massachusetts is using in the
development of an integrated transportation management
system to help address congestion in the Boston area. A
comprehensive I TS program has been established over the
last two years.

The first step we undertook in this effort was the
development of a strategic deployment plan for the
metropolitan Bostonarea.  The consulting firm of JHK &
Associates was selected to conduct this planning effort,
which was completed in January of 1994. The purpose of
this plan, which was funded by FHWA, was to examine
the existing conditions in the Boston area, to identify
targeted ITS user services, and to develop a phased
implementation plan for ITMS and other ITS projects.

One of the challengesin the Boston areais coordinating
the activities of the numerous agencies responsible for
different aspects of the transportation system. These
include the Massachusetts Highway Department, the
Massachusetts Turnpike Authority, the Massachusetts Port
Authority, the Massachusetts Bay Transit Authority, and
severa cities and towns. Developing an ITMS with al
these agencies represents a major chalenge. Our planned
approach is to utilize a Traffic Information and
Coordination Center (TICC) as the focal point for the
system.

The strategic deployment plan recommended a two
phased approach. The first phase focuses on downtown
Boston and out to Route 128, which is a circumferential
highway around the city. The Central Artery project,
which you will hear more about in the next presentation,
is included in the first phase. The second phase will
include the TICC and will expand the system to the 1-495
Freeway and other metropolitan areas around the state.

| would like to briefly describe four I TS projects that
are underway as part of the first phase of deployment.
There are the Route 128 project, the SmarTraveler
Operational Test, the Southwest Expressway HOV lane,
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and an Integrated Transportation Management System on
the [-93 Freeway north of Boston.

The Route 128 corridor project focuses on the
development of an enhanced emergency management
system.  The project is building on existing incident
management efforts including the * SP Program and the
Motorist Assistance Program. The state police receive
approximately 25,000 cellular telephone calls per month
on incidents and accidents through the* SP Program.  The
Motorist Assistance Program is a public/private project
that provides free roadside assistance to motorists on 20
routesin and around Boston utilizing roving service vans.
Approximately 7,000 motorists are assisted each month
through this program.  We want to build on these efforts
to develop an automated incident detection system aong
the Route 128 corridor. Field equipment including loop
and radar detectors, closed circuit television cameras, and
changeable message signs will be installed along
approximately 225 lane miles of highway. A key
component of this system will be the construction of a
regional traffic operations center (TOC) co-located in the
State Police barracks in Framingham. Leased lines will
be used initially for communications. However, an
initiative called "Wiring Massachusetts" is also underway
to foster public/private partnerships for the development
of afiber optic backbone throughout the metropolitan
Boston area.  The design of this approximately $7 million
project should be complete within the next six months.

The SmarTraveler project has the distinction of being
thefirst operational test funded under the ISTEA. |tisa
region-wide, rea-time traffic and transit telephone
information system provided as a free service in the
Boston metropolitan area. The SmarTraveler project uses
the fusion of multiple information from a data collection
sourceinaUnix driven, multi-mode, multi-port, audiotext
system developed by SmartRoute systems. Currently, the
SmarTraveler project has approximately 500 mobile
telephone probes in and around Boston, 50 live and slow
scan cameras, and direct links to the state police and
various transportation agencies.

Overdll, the service monitors approximately 700 miles
of major roadways, as well as bus, rapid transit, and
commuter rail lines. The service receives about 1.5
million calls annually.  One of the most interesting
statisticsis that 97 percent of the people contacted in a
small sample survey conducted after the first year of the
test indicated that they liked the service well enough to
useit again. That survey also obtained information on the
impactsof theservice. Approximately half of the callers
indicated they made some change in their travel behavior
based on the information received from the SmarTraveler
System.

The third project is the Southeast Expressway HOV
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lane which is currently under construction and scheduled
to be completed in late 1995. The 1-93 Southeast
Expressway is located south of Boston and carries
approximately 190,000 vehicles per day. Twelve miles of
amoveable barrier system, 6 milesin each direction, is
being installed to create an HOV contra-flow lane using
the off-peak travel lane. A barrier transfer vehiclewill be
located on each end of the project and will move the
barrier in and out from the median each weekday morning
and afternoon.  Once the lane is separated, high
occupancy vehicles will be allowed to bypass congestion
to and from Boston. Because of the limited lane width
and single entrance and exit points, efficient emergency
management will be a key component of the operation of
the facility. ITS technology will be used to monitor
operations and enhance incident detection and response.
The collection and processing of field data will be
performed at a satellite control center located at the
facility.

The last project that | would like to mention is the 1-93
ITMS Operationa Test. This project focuses on providing
multimodal, rea-time, en-route motorist information to
travel ers coming into the City in the morning peak-period.
The goal is to monitor corridor conditions, and utilize
simulation models to estimate traffic conditions 10 to 15
minutes into the future.  The project will provide
commuterswith information and recommend actions prior
to their reaching decision pointsto allow them to divert to
an optima mode or route.

The study area for this project is the 1-93 Freaway
corridor north of Boston. 1-93 is a heavily congested
roadway, which includes a permanent HOV lane.
Alternate routes are available by using Route 28 and
Rutherford Avenue.  Both roadways are signalized
arterials that currently have closed loop signal systems.
The area also includes transit aternatives and several
commuter parking lots. Although it is a small study area,
itincludesal the elementsthat need to beincluded as part
of an integrated system. The operational test, which is
currently being designed by AlliedSignal, will challenge
the application and integration of ITS technology. Key
elements with national significance include monitoring
individual behavioral responses to multi-modal, real-time
information, the inclusion of adaptive signal controls, and
the application of dynamic and predictive traffic simulation
models. The operational phase of the project is scheduled
for the summer of 1996.

Thisis asmall sample of the many projects underway
in Massachusetts. | hope you will be ableto join usin
Boston next year for the Third ITMS Symposium and
have the opportunity to see these and other projects
firsthand.

ITMS and the Central Artery Project
Sergiu Luchian, Massachusetts Highway Department

Thank you and good morning. | @m happy to have the
opportunity to talk about the Central Artery Project in
Boston. The Central Artery is the portion of the 1-93
highway that cuts through the middle of the city. It
separates the waterfront area of Boston from the financial
district. The freeway, which was built in the 1950s,
presents a physical barrier in the downtown area.  The
freeway was designed for 75,000 vehicles a day, but it
currently carries about 200,000 vehicles a day. As a
conseguence, it often seems that we are the operators of
the largest parking lot in the northeast. The Central
Artery has three traffic lanes in each direction and ramp
accesses are placed fairly close together.  In many
respects, 1-93 in this area works more like a collector
distributor than an interstate highway.

Planning for the Central Artery tunnel project began in
the 1960s. At that time, consideration was given to
adding another crossing to Logan International Airport.
That plan was expanded, however, and the current project
focuses on adding a Third Harbor Tunnel which will have
two traffic lanes in each direction. The new facility will
double the capacity of the existing Sumner and Callahan
tunnels. It will also improve the [-93 (Central Artery) by
increasing capacity by a third and depressing it
underground.

The total cost of the project is estimated at $8 hillion.
Currently, approximately 90,000 vehicles aday use the
existing tunnels. By 2010, some 300,000 motorists are
projected to use the three tunnels on adaily basis. The
design for the Central Artery Tunnel is very complex.
Some of the interchanges will be underground, which will
add complexity for motorists as well.

Maintaining air quality levelsin the tunnels also had to
be considered. All tunnels are designed for travel speeds
of 50 mph. The goa is to ensure that vehicles do not
spend more than approximately 15 minutes traveling
through the tunnel. Two elements are key to the approach
taken to address air quality concerns. One is the
ventilation system and the other is the incident
management program.

The ventilation system for the tunnel includes over 130
fans and eight ventilation buildings. A very aggressive
incident management program is in operation with the
existing tunnels.  This program will be expanded to
include the Third Harbor Tunnel. We have been working
with the fire department since 1987, and they have been
involved in the design and procedures to be used for the
facility. An abandoned tunnel in West Virginia was used
to test different operating strategies and responses to fires
and other emergencies.



The entire underground highway system will be
managed by au operations control center. Thiscenter will
operate 24 hoursaday. Closed circuit televisionswill be
used to monitor the tunnels, as well as the freeways.
Thereare currently nine emergency stationsand platforms
located throughout the project. These are located to
provide immediate access to any point in the tunnels. The

operations control center will coordinate al of the.

elements associated with the system. Theentiresystemis
triply redundant to ensure that backup power and other
functions will be available in the case of an emergency.

There are 28 backup generators and a smaller backup
operations center. The backup center includes primarily
the life safety systems, including the communications
network.

Other elements of the traffic management system
include lane use signals, changeable message signs, 500
closed circuit televison cameras, carbon monoxide
detectors, hydrocarbon detectors, HAR, fire detectors, and
afire alarm system.

The traffic management system will also be used during
the construction of the Central Artery and the Third
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Harbor Tunnel. A pilot program is currently underway
which includes four variable message signs.

The Massachusetts Institute of Technology (MIT)
developed atraffic smulator that has been used to run
different traffic management scenarios. This simulator
has been extremely helpful in testing different approaches
to traffic management.

The first phase of the Central Artery Tunnel project is
scheduled to be opened in December of 1995 for
commercia vehicles only. You will be able to see the
project next year at the ITMS Symposium in Boston.

A number of additional ITS technologies are being
incorporated into the project. Thetoll facilities associated
with the tunnel will be fully automated. The technology
for the electronic tolls has not been selected yet, but a
number of different systems are being considered. The
use of in-vehicle navigation technologies, real-time asset
management systems, and other ITS components are being
explored to help ensure the safe and efficient operation of
the Central Artery and the Third Harbor Tunnel.

I hope you will make time to see these facilities next
year a the ITMS Symposium in Boston. Thank you.
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INTEGRATED TRANSPORTATION MANAGEMENT SYSTEMS
DEFINITION OF THE CONCEPT

Thomas Urbanik |1, The Texas Transportation Institute
INTRODUCTION

The scope of this paper is a definition of the concept of Integrated Transportation Management Systems (ITMS). ITMS
is an evolving concept and depends partly on ones experience and philosophy concerning integration of the various
component systems of the current surface transportation system. ITMS is a concept whereby the users of the
transportation system benefit by integration of various component sub-systems which have largely evolved due to the
ingtitutional structure of the transportation system. The transportation system is in fact fragmented due to multiple
agencies, multiple jurisdictions, multiple modes, and multiple disciplines being responsible for various aspects. This
specialization, while improving the efficiency of various components, is a detriment to a global view of system
management.

As concerns have developed due to a variety of issues including congestion, the environment and limited resources,
a more global perspective is being offered as a means to improve the effectiveness and efficiency of the surface
transportation system. ITMS is a step towards a more global view of the transportation system. Existing institutional
arrangements would suggest that the process will be evolutionary in nature and varying across the country. The key to
success will be an understanding of the mutual benefits of amore integrated system. Not that competition can or should
be eliminated, but that benefits due accrue from appropriate collaboration. The paper provides a current definition of
ITMS and begins to identify innovative ideas and practices for improving transportation management in metropolitan
areas by focusing on the challenges and opportunities. ITMS is as much a process as it is a specific concept.

THE LAW

The enactment of the Clean Air Act Amendments of 1990 (CAAA) challenged the transportation profession to maintain
the Nation’s mohility while enhancing our air quality (1). The CAAA established criteriafor attaining aud maintaining
National Ambient Air Quality Standards (NAAQS). These requirements specify the actions required to be taken by
nonattainmentareas. An areais designated a nonattainment area by the Environmental Protection Agency (EPA) when
it does not meet the NAAQS. Although the CAAA only directly effect the 198 designated areas. Other urban areas are
potentially impacted if they cannot maintain their air quality.

The CAAA mandate a State Implementation Plan (SIP) that contains procedures to monitor, control, maintain, and
enforce compliance with the NAAQS. The SIPS include Transportation Control Measures (TCMs) to reduce emissions
of air pollutants from transportation sources by improving traffic flow, reducing congestion, or reducing vehicle use(2).

Closely following the CAAA was the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA). ISTEA
established a new vision for surface transportation in America.  Its goals included reduced congestion, maintenance of
mobility, an enhanced role by State and local governments, and additional focus on environmental issues. The programs
include a National Highway System, an Interstate Program, a Surface Transportation Program, a Congestion Mitigation
and Air Quality Improvement Program, a Bridge Replacement Program, a Federal Lands Program, and Specia
Programs. These programs provide the primary federal funding mechanism for surface transportation. They also set
anew direction for surface transportation that is supportive of ITMS (2).

ISTEA has other important provisions that are relevant to ITMS.  Transportation planning must be more broad based
and include additional considerations such asland use, Intermodal connectivity, methods to enhance transit service, and
needs identified through management systems. Management systems include highway, pavement, bridge, highway safety,
traffic congestion, public transportation facilities and equipment, and Intermodal transportation facilities and systems.
In addition, the Act requires a statewide planning process, a statewide transportation plan, and a statewide transportation
program (3).
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The importance of the law it that is provides a framework for a broad approach and a philosophy that is consistent
with ITMS.

THE CONCEPT

ITMS is the creative use of existing systems and requirements to provide a systematic approach to the surface
transportation system. ITMSisaprocessto enhance mobility by making more effective use of existing facilitiesthrough
systematic monitoring, evaluation, prioritization, and implementation of operationad management strategies. Within this
context, ITMS includes traditional Transportation Systems Management (TSM) concepts. However, it does NOT
consider TSM as a short term or stop gap approach. It considers TSM as one of many tools to manage the system.
Tools would include Congestion Management Systems (CMS), Travel Demand Management (TDM), Transportation
Control Measures (TCMs), Intelligent Transportation Systems (ITS), and others.

ITMS is, therefore, the process that ties the various programs into an integrated package to increase mobility. It is
a philosophy that the delivery of transportation services should be transparent to the user and be done in an efficient
manner that is also responsive to loca needs. ITMS includes those institutional relationships necessary to support the
mission of the transparent delivery of transportation service across modes and inclusive of police, fire, towing, and
emergency medical services necessary for effective system performance.

Perhaps a few examples of what ITMS iswould be illustrative of the concept. ITMS is multi-modal, but not in the
sense of just considering transit as a separate mode. It is the integration of transit, as a full partner, into the operation
of the transportation system, not as a separate consideration. It includes the integrated response of police, fire,
ambulance, and wrecker services to mgjor incidents. It is the integration of high occupancy vehicles into the overall
system as a basic planning consideration. Itisthefull consideration of pedestrians and bicyclesin system operation with
full appreciation of the importance of these salf powered modes as a part of the system, not as a nuisance to be
considered after all other issues.

ITMS is multi-jurisdictional and multi-disciplinary because users do NOT expect city limits or city departments to
be reasons for systems operating inefficiently. For example, travelers expect that emergency response services will be
provided in a prompt manner, not expecting to deal with the need to identify the multitude of agencies necessary to deal
with a major incident.

The scope of ITMSwill vary by location. Large urban areas will have very sophisticated systems providing awide
range of user services. Small urban areas will have more limited needs due to a less congestion environment. The
important point is the opportunity to improve the efficiency of transportation services by irmovative ideas and practices
through the proper application of technology and operational procedures.

THE GOAL

“The basic goal of ITMS s effective and efficient transportation. Effective transportation is defined by consumer needs.
It issafe, convenient, economical and reliable. An efficient system is one that can meet the collective needs of consumers
at a cost acceptable to users, taxpayers and the environment” (3).

RELATED ACTIVITIES

There are avariety of related activities that complement, take advantage of, or provideinput into ITMS. Theseactivities
exist as the result of a number of existing programs largely resulting from Federal law as previously delineated.

Congestion Management Systems (CMS) were mandated by ISTEA as a statewide process for metropolitan areas with
apopulation of 200,000 or more. “ CMSisasystematic process to provide information on transportation system
performance and aternative strategies to alleviate congestion and enhance the mobility of persons and goods. A CMS
includes methods to monitor and evaluate performance, identify aternative actions, and evaluate the effectiveness of
implemented actions’ (4) The CMS is a performance-based system which is intended to effectively manage existing
and new transportation facilities through the use of Travel Demand Management (TDM), Transportation Systems
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Management (TSM), and capital improvement projects. The CMS is a system to monitor and analyze the magnitude
of congestion on a multi-modal transportation system in order to plan and implement appropriate actions to enhance
transportation system performance. A CMS can take advantage of an ITMS and also provide input in ITMS operation.

TDM is a class of management strategies carried out to reduce effective travel demand by modifying trip-making
behavior. The purpose is to achieve efficient use of transportation facilities by reducing drive-alone auto trips (single-
occupant vehicles, SOVs), and to minimize costs of roadway expansion for SOVs. Some TDM strategies may be
implemented in an ITMS.,

TSM is aclass of management strategies carried out to improve management of the supply and use of existing
transportation facilities. TSM strategies are designed to increase effective capacity of the existing system without major
capital investment in new facilities. TSM Strategies tend to be low cost, to require minimum right-of-way, and to be
rapidly implementable compared to new construction. Some TSM strategies are more effective when implemented in
anITMS.

NATIONAL ARCHITECTURE AND STANDARDS

The implementation of ITMS implies the need for an ITMS System Architecture. A system architecture provides a
framework that describes how the various sub-systems (e.g., traffic signal sub-system, freeway traffic management
system, traveller information sub-system, etc.) Interact and work together to achieve total systems goals.

Development of a system architecture should be done using a system engineering process. System engineering isthe
process that turns operational needs in system performance parameters, assures compatibility of al the technical
components, and deliveries a satisfactory product on time and on budget. This structured approach assures that the end
product is truly a system, not aloosely coupled group of systems.

INSTITUTIONAL CONSIDERATIONS

The ingtitutional component of ITMS is perhaps the most important element in making ITMS happen. 1t will be an
important component of the Symposium. In most metropolitan areas, the transportation system is managed and operated
by many different agencies and multiple jurisdiction. These agencies represent various modes and functions. Therefore,
to better manage and operate the system requires coordination and implementation by many agencies and jurisdictions.
This coordination and implementation is difficult because of the multiple and sometimes conflicting objectives of the
different agencies and jurisdictions. These differences of perspectives and willingness to participate must be addressed
when discussing how the transportation system should be operated and managed.

Mechanisms for bringing about the institutional framework for ITMS arein their formative stages. There have been
only a few success stories on beginning a broader framework for implementing ITMS. The Symposium with present
some of the best efforts currently underway around the country. TRANSCOM in the metropolitan New Y ork areawas
one of thefirst multi-jurisdictiona and multi-modal undertakingsto improve operationsisamulti-state region. Houston,
Texas has a'so had some success with multi-agency and multi-modal cooperation on both construction and operation of
integrated multi-modal facilities primarily for HOV. Houston is now embarking on a multi-agency transportation
management center.  These efforts, while representing major accomplishments in ITMS and perhaps the most
comprehensive approaches to ITMS, still do not yet represent an ideal ITMS.

The San Francisco Bay Area has identified seven mgjor reasonsthat ITMS is an extraordinarily difficult task which
helps explain the limited success to date (2):

1. The streets, highways, mass transit systems, railroads, trucking companies, ports, airports, and termina facilities
which make up the transportation system are operated under separate management. Managerial independenceis
ajedously guarded prerogative.

2. The modal components of the transportation system are managed according to service and efficiency standards
particular to each mode. Thereislittle agreement on measures of overall system efficiency that reflect consumer
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3. The service requirements of an efficient system are different for the peak and off-peak periods. During commute
hours, job access is the most critical test of system efficiency. During non-commute hours, the most critical test
of the system’s efficiency isits ability to move freight and deliver goods reliably and economically. Anefficient
system must reconcile both needs-and meet both tests.

4. Private enterprises can be managed efficiently because companies can pick and choose what markets to serve.
Not so the transportation system. The transportation system must provide universal service. And it must serve
all comers-even if its capacity is already oversubscribed. Faced with excess demand, most transportation
providers cannot turn away customers or price their services higher.

5. The demands made on the transportation system are a by-product of local land-use decisions and location choices
made by households and firms. Transportation providers have virtualy no influence over these choices. Nor
does increasing congestions provide an effective or efficient way to steer growth and development.

6. The requirements of an efficient system vary from place to place because of geographic diversity and unique
topography. Thediversity makesit difficult to agree on astrategy of system management because no one strategy
fits aregion’s many needs.

7. Some methods of system management create “ winners’ and “losers” among agencies and jurisdictions. These
measures have met predictable resistance and are unlikely to gain acceptance until they have been reconfigured
as win/win alternatives.

The goal of ITMS s to improve the efficiency and effectiveness of the surface transportation system. The thrust of
ITMS isthat modal, jurisdictiona, disciplinary, and institutional elements of the transportation system should be
operated, managed, planned and improved from the perspective of one integrated transportation system even though it
is composed of many “systems’ due to the various institutions responsible for the system. Key elements of ITMS include
communication and partnerships among agencies and jurisdictions. In addition, a process must exist to put all the
necessary pieces together.

Experience in New Y ork, Houston, and the San Francisco Bay Area suggests the process is still evolving. It is not
possible to start off developing a comprehensive plan on aregional level. Limitations include the inability to use explicit
performance measures and detailed evaluations of aternatives. Initial successes have focused on operational
improvementsin acorridor. The idea of regiona optimization of does not appear feasible at thistime. To successfully
manage the transportation system, the connection between planning and implementation must be made from both ends.
It was concluded that communications and partnerships are as or more important to the management of the transportation
system than technical sophistication and refmement of the tools (5).

PLANNING AND DECISION CONTEXT

Although it is assumed that managing to improve efficiency and effectiveness will improve mobility for people and
freight, it isnot clear how to eva uate projects from the broadest perspective. How does the process resolve conflicting
community objectives? Are only those projects which are non-controversial implemented? How does the process resolve
trade-offs such as freeway widening versus congestion pricing? The dilemma is there is no clear cookbook answer to
complex issues.

The San Francisco Bay area has proposed a process to deal with the tradeoffs (3). The process must include agreed
upon ground rules or precepts that will alow partners to better define strategiesin away that potential conflicts can be
resolved. The objective is to obtain projects that are more acceptable or neutral to partners.

It isalso necessary to realize that capital and management projects cannot be considered inisolation. Planningwhich
only considers management projectsfirst and capital strategies second will result in poor management strategies and poor
capital projects.

The previous analysis leads to a strategy for improving the efficiency and effectiveness of the transportation system
(3). The strategy:
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Focuseson ITMS;

Provides a system context for interagency decisions;

Provides a multi-modal context for management decisions,

Provides a region-wide commitment to develop and implement management systems, integrated to the extent feasible
as the elements of a management strategy; and

Is seen as a continuing, vital endeavor essential to support the region’s transportation investment.

THE SYMPOSIUM

The ITMS Symposium is intended to help define the concept of ITMS aswell as help understand the concept. As much
as the definition of the concept is difficult, it pales by comparison to thedifficulty inimplementation. Inactua practice,
ITMSwill become areality through incremental improvements in the existing process by building institutional bridges
between diverse agencies, modes and disciplines with individual missions.

The Symposium is organized in away to provide different views of ITMS. White paperswill be presented that 1ook
at ITMS from different views. These views include multi-jurisdictional, multi-modal, multi-disciplinary, systems
integration, and environmental. These views help to define the complexity of the issues involved, they do not provide
aroad map to a solution. Later in the symposium, aframework will be established for understanding why ITMSis
important. Then several case studies will be presented which focus on the integration aspects of ITMS. The Symposium
will then continue by focusing in on some of the technical details including Legal/Procurement, Operations and
Maintenance, Systems Integration, and Roles and Responsibilities. The Symposium will then bring the participants
together to identify key issues and prioritize future needs. The Symposium will conclude by summarizing the findings
including the identification of key issues and actions recommended to address them.
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INTEGRATED TRANSPORTATION MANAGEMENT SYSTEMS

Douglas W. Wiersig, Greater Houston Transportation and Emergency Management Center

The recent focus toward development of Transportation Management Centers (TMC) has created an opportunity for
transportation professionals to interact in an expanded manner with many nontraditional disciplines. For TMC's to be
fully effective, Integrated Transportation Management Systems (ITMS) must be developed which require the participation
of adiverse set of technical and non-technical disciplines.

Developing an ITMSis afar reaching undertaking that can include a variety of functional components that vary by
locality needsandresources. ITMS can include procedures relative to incident response, physical components associated
with traffic, transit and parking systems and the actual control command center from which systems and procedures are
managed.

For successful operations, the proper mix of elements must be brought together and through effective management
produce a workable product. The many diverse multidisciplinary elements that compose ITMS are thethings that make
its products so useful and conversely so difficult to mange on an ongoing basis.

This paper identifies the various disciplines and functional groups that should be involved in developing an ITMS.
It discusses the process of identifying disciplines, the relationship between them and relates them to the various
devel opment phases.

RELATIONSHIP BETWEEN DISCIPLINES

An effective ITMS can not operate unless a diverse group of disciplines participate in all phases of its development.
Numerous disciplines are dependent upon other disciplines to effectively accomplish their work responsibilities. Unless
activities are coordinated and performed cooperatively, system results will be significantly below acceptable levels.
Disciplines must complement one another rather than being absent all together or competing with one another.

To achieve the usually desired goal of responsive incident management and effective management of transportation
systems a significant amount of preparation and contributed resources is needed. These resources include developing
initial and ongoing community support for program activities and their resulting financial resources, technical design
support to physically construct system components, administrative and legal efforts that alow construction and daily
operations to occur and ongoing maintenance of system components to ensure their availability.

In the development of many ITMS's there is a tendency to focus on those elements that the individuals responsible
for developing the program are most knowledgeable about, that being traffic/freeway operations. As aresult of this focus
considerable effortsin both time and money can easily be consumed dealing with just a small element of the total effort
that is necessary to develop an ITMS. This narrow focusing is not unique to ITMS development but occurs in many
other transportation projects. The unique aspect associated with ITMS' sisthat for effective operations to occur, avery
wide range of disciplines must be involved which traditionally have not worked together or have not worked well in
previousencounters. Thismight include traffic and transit, traffic and police/fire, traffic and wrecker services and traffic
and information provides. In general, disciplines have not totally recognized the resources available in other areas and
have taken the attitude that they can perform internally at equal or better levels. As aresult of this attitude and “turf
building,” undesirable relationships have developed in many communities to the point that disciplines compete with one
another for management and operation of the same component.

If management centers are to become fully effective and integrated, a broader thinking approach must be taken such
that contributing disciplinesareincluded in al phases of operations. This becomes even more important when you must
consider the situations where more than one physical TMC exists in an area representing multiple jurisdictions with
multipledisciplinesineach. As has been the experience with many other projects, creating early awareness of program
activities and including all disciplinesin this phase, usually results in a smoother implementation process. Attempting
to add disciplines and functional work groupsin mid steam or at the end of a project usually resultsin arestart of many
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program activities. It also creates an unfriendly environment since groups not involved in the initial decision making
are now being told what to do or how things will be accomplished.

PROCESS OF IDENTIFYING DISCIPLINES

Identifying and including various disciplines and functiona work groups into an ITMS is highly dependent upon the
operational mission of the TMC. Identifying the responsibilities associated with a TMC is a key first step which
ultimately determinesthe overall size and complexity of management functions. Typicaly, ITMSareusually responsible
for incident management and signal control functions. In today’s expanding transportation management structure, a
number of additional roles could easily be included and in many cases are being incorporated in ITMS. Theseinclude
responsibilitiesassociated with:

Multi-modal-roadways/bus & rail transit
Travel Demand Management
Transportation Management

Parking Management

Transportation |nformation Systems
Commercial Vehicle Operations (CVO)

Each of these responsibilities while relating to one another, significantly expand the disciplines and functional work
groups that would be involved in an ITMS. In addition to these responsibilities, local needs within a community will
aso influence the orientation and operational importance of aTMC. These local needs could be associated with issues
such as freeway congestion and incident management, tunnel and bridge bottle necks, and snow and ice removal. As
aresult, the responsibilities and associated goals and objectives of a TMC can vary significantly from community to
community, which in turn determines agency and discipline participation.

The mission or responsibilities assigned to an ITMS change over time depending on the community’s needs and
success in performing operations. Expanded roles will create the need for additional functions to be integrated in the
future and more optimally, to be considered in the initial planning phases of a system. The greater the flexibility in
system design, operating policies and administrative structure, the greater the opportunity to easily accommodate new
or expanding disciplines.

Beyond defining initial responsibilities, a valuable process that hel ps to identify necessary disciplinesis concept
planning or operations needs analysis. This process can be undertaken by both existing and newly createdITMS's.  For
existing ITMS's this process can easily become the catalyst that overcomes past and sometimes negative relationships
between disciplines by taking afresh approach and look at existing situations.

During this operations needs assessment, a detailed analysis is undertaken to determine specificaly:

e What program functions could/should be performed by the TMC?

What agencies and disciplines should be involved to perform these functions?

How system elements should be integrated from a physical hardware/software perspective?

What standard operating procedures are needed to define agency/discipline responsibilities?

What program phasing schedule is needed to correspond to agency programs and resources?

What are the discipline/agency responsibilities for each phase of program development-planning, design,
operations and maintenance?

Through this process existing functional participants more clearly define their specific roles as well as the identification
of other disciplines that are necessary for effective operations. This in turn becomes a heuristic process wherein the
newly defmed or participating disciplines provide additiona insight into the specific components that are desired or
necessary. This heuristic building process produces two primary products. Initialy it identifies new or rejustifies the
need for participation by specific disciplines. Secondly, it creates a team building process whereby functional groups
become more involved in the integration process and recognize the benefits of their participation or rationale as to why
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or how elements must operate. Asaresult, the disciplines become stake holders and associate ownership into the system
which in turn strengthens their participation. This identification approach and ongoing development effort is similar to
those strategies associated with Total Quality Management (TQM). The wide variation in the types of disciplines and
the need for substantial interaction between nontraditional technical and non technical working groups, creates a need
for ahigh level of understanding and team building trust.

Creating this trust and team building is not easy and usually can best be accomplished through the development of
successful subtasks. Using the benefits and relationships developed in an initial success creates the desire and justification
for another success-* success builds success.” Consequently, when developing an I TM S and bringing together adiverse
set of disciplines it is important to grow the process at a rate which is compatible with the issues and social decision
making process of each work group. Creating success is the easiest method of including new and expanding the roles
and effectiveness of existing disciplines.

TYPES OF DISCIPLINES

The inclusion of functional work groups or disciplinesinto an ITMS encompasses a broad range of technical and non

technical elements. These disciplines can include such elements as traffic and transit operations, public safety(police,

fire), maintenance functions, computer operations, traveler information servicesand legal counsel. Each discipline plays
arolein some phase of a TMC’s design and ongoing operations. Disciplines can be viewed from several perspectives
ranging from those associated with daily operations of incident response to onesinvolved with the physical design and
maintenance of system components. For effective operations and a truly integrated management system, numerous
disciplines must be brought together in each major phase of ITMS development.  Determining specifically which
disciplines to integrate and when is a function of the responsibilities associated with a TMC and the local community

environment. Table 1 provides alist of disciplines that could or should be included inan ITMS. Thedisciplinesare
divided into three major categories consisting of Technical, Operational and Administrative/Community areas.

Technical Disciplines

Technical disciplines are those work groups that primarily contribute to the physical design of system components.
Through the introduction of more sophisticated electronic, communication, video and computer technologies, a greater
number of technical disciplines are now required to build management systems. The complexity of these technologies
coupled with quickly changing advances, make it necessary to include experts from each discipline. Very rarely will
an agency or consulting firm have a single source of expertise that spans this range of technology. Given the ever
changing advances in technology and the obsolescence of equipment in shorter and shorter time frames, overall system
architecture and design must be developed that isflexible to changes from afunctional, time and cost perspective. Poor
designs as aresult of aninitial lack of expertise usually hinders the functionality of thefinal system. This in turn creates
an expectation and credibility gap for operators, elected officials and most importantly the public.

Each technical discipline will contribute at different levels of intensity depending upon the role of that particular
technology or system. Even though a technology may not be significant today, it isimportant to include expertise from
this area such that the overall system architectureis structured in an open flexible manner that can alow inclusionin the
future. Additionally, a greater understanding of alternative technologies in the concept phase may ater the use of specific
systems since better components or methods have been identified.

Operational Disciplines

These disciplines are those which utilize and manage the system on a daily basis, respond to incidents and emergencies
and are responsible for maintenance of system components. To manage individual traffic or sub systems an array of
functiona expertise must be combined. Responding to incidents or managing signal systems requires the combination
of many disciplines. No one agency or disciplineis capable of performing the various tasks that must occur when
dealing with amajor traffic accident. Incident management requires considerable planning and team work and a diverse
group of disciplines beyond traditional traffic/transit relationships such as police, fire, wrecker services and maintenance
cleanupforces. Creating an integrated team is not an easy task since the major obstacle to over come is the social
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decision making structure within each discipline. Consequently, creating an empowered TMC that is aware and capable
of managing these environmentsis critical for the establishment of aworking team. The processis further complicated
when dealing with private sector enterprises associated with wrecker services, equipment rental clean up crews and
traveler information services. Developing contracts, procedures and assuring responsiveness with the proper equipment
can be frustrating and make response efforts less effective.

Managing transportation systems such as traffic signal systems, ramp meters or parking availability systems requires
the integration of associated operating disciplines. Traffic engineers, freeway operators, and parking garage managers
must coordinate activities. If transit priority systems are program components, transit operations will also be involved.
Integrating transit dispatch operationsinto an ITMS can also produce positive benefits to both traffic and transit systems
by alowing transit operators(bug/train drivers) to report accidents and congestion areas. The opposite aso occurs when
congested areas are reported to transit operations and adjustments can be made to routes and schedules.

Maintenance operations play a vital role in an ITMS since system availability must be maintained. The increased
reliance on technology for expanded program capabilities requires coordinated and responsive maintenance activities.
The failure of computer or communication systems can quickly make an entire ITM S or many subsystems useless.
Ongoing and emergency maintenance must be coordinated with operational and design disciplines to minimize down time,
In many agencies, maintenance activities of technology components are being performed through private sector
contractors.  Consequently, contracting efforts must be coordinated relative to technical specifications and standards,
response periods and legal and administrative procedural requirements.

Administrative/Commtity Disciplines

These disciplines play a supportive role in the overall development and implementation of an ITMS These functions while
not directly involved in daily operations, design or maintenance are essential in the planning and development phase.

Building support for program activitiesis vital to establishing funding and receiving empowerment to accomplish overall
and subcomponent programs.  These disciplines provide this empowerment through administrative, financial, legislative
and legal resources. Involving these disciplines early and throughout program operations enables an appropriate level

of program understanding to be devel oped that fosterstimely decision making by the appropriate discipline. As program
operations continue over time, it isimportant to keep these disciplines informed such that if modifications to program

activities must occur they can be processed in atimely manner. Thisis especialy true relative to equipment failure or
emergency situations where purchasing or contracting activities must occur immediately.

Maintaining a positive image of program activities and creating a vehicle for communication to the community is
essential for ongoing success of the ITMS. Developing effective rel ationshipswith newspapers, local magazines, radio
and television stations can be one of the best actions undertaken by an ITMS. This relationship produces positive benefits
in both directions. The media can receive news worthy information relative to traffic conditions and programs that their
audiencedesires. This is especially true for real time travel/parking conditions and corresponding video. The public
sector on the other hand is able to disseminate this travel information to usersin atimely manner such that travel demand
can be modified and congestion conditions improved. Agencies also have the ability to effectively communicate with
the public relative to new programs that are being developed and accelerate their acceptance by users.

Role of Disciplines

The development of an ITMS encompasses a range of project actives that typically includes phases associated with
planning, design/construction, ongoing operations and maintenance. For each of these phases a varying combination of
disciplines must be identified and brought together. Table 2 identifies a possible breakdown of disciplines by program
activities. Participation by disciplines will occur at varying levels within designated phases depending upon the nature
of the program activity and phase. The combination of disciplineswill vary by program activity with one or more
disciplines being the predominate contributors. The important concept to pursue is that numerous disciplines must be
brought together during all relevant phases to ensure an effective end product. Whether it is planning, operating or
maintaining a system or procedure, a team approach is necessary. Disciplines can and should complement one another
in each phase with the skill and trust developed in one phase, transferring to another.
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CONCLUSION

The development of an ITMS is a complex undertaking that requires the inclusion and coordination of various diverse
disciplines. To achieve the intended goals of an ITMS it is necessary to identify and include disciplines that comprise
both technical and non technical expertise. While it is beyond the scope of this paper to identify the combinations of
disciplines for each function under taken by a TMC, the list of disciplines and their interaction between one another
provide a starting point to initiate an operational needs analysis. Determining specifically what disciplines to bring
together and how to accomplish this will vary by community. The key element is to develop reasonable expectations
through the accomplishment of meaningful tasks that build trust and cooperative team work. Recognizing the needs and
resources within each discipline and allowing those el ements to be used productively will create ajustification and desire
for disciplines to work together.
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TABLE 1. 1ITMS DISCIPLINES
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ONGOING ADMINISTRATIVE/
|:-|)-|ES%I|_|FI>\IL| ICNAELS OPERATIONAL COMMUNITY
DISCIPLINES DISCIPLINES
+ DESIGNERS- » TRAFFIC OPERATIONS « POLITICAL LEADERS
ROADWAY/TRAFFIC
+ ELECTRICAL « TRANSIT DISPATCH » CIVIC LEADERS
+ COMMUNICATIONS » LAW ENFORCEMENT » BUSINESS LEADERS
oVIDEO « FIRE/ EMS « AGENCY MANAGEMENT
+ SYSTEMSINTEGRATION » EMERGENCY « AGENCY FINANCIAL
PREPAREDNESS- MANAGEMENT
OPERATIONS

» COMPUTER
HARDWARE\SOFTWARE

¢ MECHANICAL
ENGINEERING

« FIELD MAINTENANCE
FORCES-PUBLIC &
PRIVATE

¢ WRECRER SERVICES

. TRAFFIC REPORTING
SERVICES (TRAVELER
INFORMATION
SYSTEMS)

« EQUIPMENT RENTAL
AGENCIES

» PARKING MGT-
PARKING GARAGE&
LOT MANAGERS

AGENCY LEGAL
COUNCIL

MEDIA GROUPS-
NEWSPAPERS/TV/RADIO
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TABLE 2. ITMSDISCIPLINES BY TMC DEVELOPMENT PHASE

Disciplines

TMC Development Phase

Planning

Design

Operations

Maintenance

TECEINICAL
Designers-Roadway/Traffic
Electrical
Communications
Video
Systems|ntegration
Computer-Hardware\software
Mechanical Engineering

ONGOING OPERATIONAL
DISCIPLINES

Traffic Operations

Transit Dispatch

Law Enforcement

Fire/ EMS

Emergency Preparedness/Operations

Field Maintenance Forces -
Public & Private

Wrecker Services

Traffic Reporting Services
(Traveler Information Sys)

Equipment Rental Agencies

Parking Management
Parking Garage & Lot Managers

ADMINISTRATIVE/COMMUNITY
DISCIPLINES

Political Leaders

CivicLeaders

Business Leaders

Agency Management

Agency Financial Management
Agency Legal Council

Media Groups-Newspapers/TV/Radio




63

MULTIMODAL ITMS: FROM INTEGRATED TRAFFIC MANAGEMENT TO
INTEGRATED TRANSPORTATION MANAGEMENT

Katherine F. Tumbull, Texas Transportation Institute
INTRODUCTION

Planning, designing, and operating integrated transportation management systems (ITMS) is a complex undertaking
involving multiple agencies and jurisdictions. In order to respond to the numerous transportation and environmental

issues facing metropolitan areas today, these systems are being designed and devel oped to include not only the traditional
traffic and roadway management functions, but also provisions for emergency services, transit and other high-occupancy
vehicles, as well as supporting travel demand management (TDM) strategies. While these functions address many of
the modes currently operating in urban environments, they do not include al of the transportation components critical

to the movement of both people and goods necessary to maintain the economic health and vitality of metropolitan areas.
For ITMSto be atruly integrated system, and to move from a focus primarily on traffic management to a more globa

view of transportation management, consideration must be given to the inclusion of other modes and functions. These
include toll facilities, bicycle and pedestrian systems, commercial vehicles and private operators, parking facilities,

disaster response teams, railroads, and land-side access to ferries, airports, ports, and railroads. It is only through the
incorporation of these modes and functions that atruly integrated system will emerge.

The integration of these modes and functionsinto ITMS is not an easy process, however. Numerous technical and
institutional issues will need to be addressed to help ensure that these systems are developed and operated with a
multimodal focus. This resource paper is intended to help foster, enhance, and expand on the discussion of the
components to be included in multimodal integrated transportation management systems, potential issues and opportunities
associated with this approach, and possible implementation strategies. Assuch, it builds on the experiences with existing
transportation management systems, the previous ITMS Symposium sponsored by the Transportation Research Board
(1, and the activities of other groups. It takes afresh look, however, at the modes and functions necessary to help
ensure the development and operation of multimodal ITMS to meet the complex transportation needs in metropolitan
areas.

To accomplish this objective, the paper is divided into four sections following this introduction. The next section
presents the concept of amultimodal ITMS and describes the various components to be included in such asystem. This
isfollowed by adiscussion of potential technical and institutional issuesthat may emergein planning, designing, funding,
and operating multimodal ITMS. Opportunities for incorporating a multimodal focusinto ITMS are also described. The
next section outlines different implementation strategies that may be considered for multimodal ITMS. The approaches
discussed provide for different levels of involvement, coordination, and control by the agencies and groups involved in
multimodal ITMS. The paper concludes with a summary of the major topics covered and the identification of areas for
further research. Examples of current applications and suggestions for possible approaches are provided throughout the

paper.
THE MULTIMODAL ITMS CONCEPT AND COMPONENTS
The Multimodal ITMS Concept

A number of terms have been used over the last 25 years to describe traffic management systems and centers. Thefirst
systems devel oped in the 1960s and 1970s focused primarily on monitoring and managing traffic conditions on freeways.

The intent of these systems was to increase the roadway capacity, increase travel speeds, reduce accidents, and improve
air quality levels (2). Most of the systemsiinitiated in the 1960s, 1970s and early 1980s-including those in Chicago,

Minneapolis-St. Paul, Seattle, Los Angeles, and Northern Virginia-used the general terminology of traffic management

systems and centers (TMS and TMC).

Over the years, existing and new transportation management systems have become much more complex and
sophisticated. Intelligent transportation systems (ITS) and other advanced technologies are being used to expand the
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monitoring, detection, and response capabilities of these systems. Further, some systems encompass not only freeways,
but also entrance ramps and adjacent roadways. The focus of transportation management systems has also been expanded
in some cases to include other modes, such astransit and emergency services. The current terms used to describe these
systems include advanced transportation management systems (ATMS) and integrated traffic management systems
(IT™MS) .

A number of elements are key to defining ATMS and ITMS. The intent of both isto maximize the productivity and
efficiency of the surface transportation system through better management of the existing infrastructure, while at the same
time enhancing safety, mobility, accessibility, and the environment. The use of ITS and other advanced technologies
iscritical to accomplishing these goals. Theinclusion of all surface transportation modes and functionsis also crucial.
These include not only the freeway and roadway system that has been the focus of most existing systems, but also toll,
bicycle, pedestrian, transit, HOV, and parking facilities; TDM; commercial vehicles; disaster response teams; railroads;
and land-side access to ferries, airports, ports, and railroads.

Multimodal ITMS Components

Figure 1 illustrates the various components that should be considered in a multimodal integrated transportation
management system. ITM S should encompass the freeway network, the arterial street system, toll facilities, HOV lanes,

transit operations and facilities, bicycle lanes, pedestrian paths, parking facilities, and railroads. |1TMS should also
facilitate incident detection and management, emergency services, specia event management, TDM, disaster response
teams, commercia vehicles and private carriers, and access to ferries, airports, ports, and railroads. Many of these
elements are interdependent or overlapping. Each of these componentsis briefly described next. Examples are provided
where these elements have been incorporated into current systems and suggestions on potential applications are identified.

The examples are not intended to be al encompassing. Rather, they are provided to illustrate the scope of existing and

future approaches.

The Freeway Network

The historic focus of most transportation management systems has been on monitoring and managing the freeway
network. This has included surveillance of the freeway main lanes, entrance ramps and ramp meters, and freeway-to-
freeway connections. |n many metropolitan areas, these systems were initiated in one or two heavily congested freeway
corridors and then expanded to encompass most or all of the freeway network. A wide range of technologies are
currently used to monitor and manage traffic conditions on freeways. These include loop detectors, closed circuit
televisions, video imaging, changeable message signs, highway advisory radio, and other advanced technologies.

Freeway traffic management systems are in operation or under development in most of the major metropolitan areas
in the United States and Canada (1,3). Further, similar systems are in use or in the planning stages in many citiesin
Europe and other parts of the world (4). The benefits from freeway traffic management systems have been well
documented. For example, the traffic management system on [-35W in Minneapolis resulted in a 35 percent increase
in peak-period speeds and a 38 percent reduction in peak-period accidents (5).

The Arterial Street System

As noted above, most transportation management systems have focused on the freeway network in major metropolitan
areas. Less emphasis has been given to including arterial streetsin these systems. Examples do exist, however, of the
incorporation of adjacent streets and other arterials into transportation management systems.  One of these is the
transportation management system for the SMART Corridor Project in the Santa Monica Freeway Corridor in Los
Angeles, which includes both the freeway and five parallel arterials. Further, the system under development in Orange
County, Cdlifornia, will encompass both the freeway and the super street network (1).
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Ensuring that ITMS cover both freeways and major arterialswill beimportant in the future astravel demand continues
to grow. Since conditions on one element of the roadway system will effect conditions on other components, ITMS
should encompass al major roadway segments in a metropolitan area, Thiswill be especially important as more
sophisticated I TS technologies and route diversion/management strategies are employed. These techniques will not be
successful if traffic congestion is simply moved from one facility to another. Coordinating arterial traffic signals
represents an important element of this integration.

Toll Facilities

Tall facilities-including roads, bridges, and tunnels-represent critical components of the transportation system in many
metropolitanareas. Currently, toll facilitiesin afew areas are covered by transportation management systems. These
include the San Francisco-Oakland Bay Bridge and the New Jersey Turnpike. 1naddition, thetransportation management
system under development in the Houston area will include the Hardy and Sam Houston toll roads.

Like the arterial street network, it isimportant that toll roads, bridges, and tunnels be included in ITMS. Given that
these facilities provide critical links for the movement of both people and goods in many urban areas, it is appropriate
that incident detection and management capabilities be provided. In addition, toll facilities may be integral components
for diversion and other management strategies. Further, many toll facilitiesare utilizing electronic toll collection (ETC).
Liig ETC systemsinto ITMS could provide additional benefits to both the toll facilities and to the ITMS.

Incident Detection and Management

A major traditional function of ITMSisthe detection and management of incidents and accidents on the roadway system.
The early detection and response to incidents can have a significant impact on maintaining the integrity of the roadway
system. It has been estimated that every minute au accident blocks a freeway results in ten minutes of delay for
oncoming traffic. ldentifying that an accident or incident has occurred, dispatching the appropriate emergency or
wrecking services, and taking a proactive approach to managing traffic will continue to be major fimctionsfor ITMS on
all elements and for all modes of the surface transportation system.

Emergency Services

Emergency services play a critical role in responding to the incidents and accidents detected through ITMS.  Police,
highway patrols, emergency medical services (EMS), highway helper programs, and wrecker services are all used in
different areas to clear accidents and to help address medical needs. In some cases, these services are notified or
dispatched by the transportation management center. In keeping with the current focus of transportation management
systems, emergency services usualy deal only with incidents on the freeway or major roadway system.

A broader perspective is needed for the inclusion of emergency servicesinto ITMS. This vision should build on the
current role described above, but should be expanded to encompass interactive links to police, fire, EMS, and other
emergency services. For example, emergency services responding to a problem not associated with the roadway system
would benefit from knowing that an incident or accident is blocking the normal travel route. Providing information on
the fastest and least congested travel path could mean the difference between life and death in many situations. As
discussed later, adding information on the status of railroad grade crossings could also be critical to emergency services
inmany areas.

Special Event Management

Existing systems have been used to help manage transportation during special events. These include major one-time only
events such as the 1984 Olympics in Los Angeles and the 1992 Olympic Sports Festival in the Minneapolis-St. Paul area.

Coordinating and managing transportation for the 1996 Olympicsin Atlantais also being planned as part of the Atlanta
Transportation Management Center currently under development. Further, existing systems are being used to help
manage ongoing events, such as college and professional sporting events. For example, the Houston system is used to
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help with events at the Astrodome, the TMC in Minneapolis assists with traffic management for the Metrodome, and
systems in Orange County and Anaheim help manage traffic for Anaheim Stadium and the many attractions in the area.

ITMS represents the logical focal point for managing all of the transportation demands for special events. A truly
integrated system could coordinate and manage automobile traffic, regular transit services and special shuttle services,
on-site and remote parking facilities, bicycle and pedestrian traffic, and emergency services.  Further, ITMS in
conjunction with specia lanes and facilities, could be used to give priority to HOVs. Thisapproach could help encourage
greater use of these modes to further reduce traffic congestion.

HOV Facilities

Currently, some 52 HOV facilities are in operation in 22 metropolitan areasin North America (6). HOV lanes represent
one approach being used in these areas to increase the person-movement, rather than vehicle-movement, capacity of
congested travel corridors. A number of these facilities are included in existing transportation management systems.
For example, HOV lanes on freeways in Houston, Minneapolis, Seattle, San Francisco, Los Angeles, Orange County,
San Diego, and the Northern Virginia/Washington D.C. area are covered by transportation management systems. In
addition, HOV by-pass ramps at freeway entrances are monitored on some of these facilities. In al of these cases, the
same types of surveillance, incident detection, and response capabilities provided for the general-purpose freeway lanes
are aso provided on the HOV facilities.

Including HOV facilitiesin ITMS is logical given the important role they play in helping to manage congestion in
major travel corridors. HOV lanes also represent a vital component of incident management, response, and diversion
strategies. Further, ITMS should be expanded to cover not only freeway HOV facilities, as noted in the above examples,
but also HOV lanes in separate rights-of-way and on arterial street. Thiswill assist in maximizing the efficiency of the
existing surface transportation system. Consideration should al so be given to management techniques that maintain and
enhance the integrity of HOV facilities and techniques to encourage greater utilization of al types of HOVs.

Transit Operations and Facilities

A few examples exist of the inclusion of transit services and facilities into transportation management systems. The HOV
facilities described previousdly provide one illustration of this. In some cases, such as the El Monte Busway in Los
Angeles and the -394 HOV lanesin Minneapolis, the surveillance and monitoring activities extend to park-and-ride lots
and transit stations. The role and participation of transit agencies in transportation management systems and ITMS has
been, and continues to be, mixed, however. Historically, transportation management systems have been planned,
designed, and operated by state departments of transportation or other highway agencies. Transit agencies have often
had little or no involvement.

This trend seems to be changing, however, and there are recent examples of transit agencies actively participating
in planning and operating transportation management systems. The Metropolitan Transit Authority of Harris County
(METRO) is taking the lead, in cooperation with the Texas Department of Transportation (TXxDOT), in the design and
congtruction of the new Greater Houston Traffic and Emergency Management Center. In San Antonio, VIA Metropolitan
Transit Authority plans to locate their dispatching functionsin TXDOT's new advanced traffic management center. The
ATMS being developed by the Montgomery County Department of Transportation will incorporate transit dispatching
and operations (7). The transportation management system in Seattle also includes links to Ring County Metro.

Incorporating additional transit functionsinto ITMS represents a critical component of a multimodal focus.  Transit
systems can benefit from this integration through red-time information on roadway conditions, travel times, and incidents
and accidents. Transit vehicles can then be diverted around trouble spots, improving on-time performance, schedule
adherence, and service efficiency. Transit vehicles equipped with automatic vehicle location (AVL) systems may also
be able to act astraffic probes, providing information on traffic conditions on arteria streets and freeways to the ITMS.
Approaches to integrating transit into ATMS are being explored as part of the ITS Research Center of Excellence at
Texas A&M University.
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Bicycle and Pedestrian Facilities

Only alimited number of examples exist of bicycle or pedestrian facilities being integrated into ITMS.  The pedestrian
and bicycle paths on the 1-90 tunnels in Seattle are monitored by the Washington State Department of Transportation

TSMC. In Minneapolis, the pedestrian bridge across 1-94 linking the Walker Sculpture Garden with Loring Park is
monitored by the Minnesota Department of Transportation (Mn/DOT) transportation management center, Given the
growing interest in many areasin the use of bicycle and pedestrian projects to serve both commute and recreational trips,
it is appropriate to include them in ITMS. The nature and extent of this coverage should be matched to the facilities,

climate, and geography of different areas. For example, including the skywalk and tunnel systems found in many
downtown areas into ITMS may be alogical connection, especially where these systems are used to help distribute
passengers from transit services or remote parking facilities. Further, including bicycle and pedestrian pathsin ITMS
would greatly enhance the safety and security of these facilities.

Travel Demand Management Programs

Travel Demand Management (TDM) and Transportation Control Measures (TCMs) are being planned and implemented
in many areas to address concerns over increasing traffic congestion, declining mobility, and environmental concerns,
as well as to respond to specific requirements of the Clean Air Act Amendments of 1990. TDM and TCM programs
focus on increasing the use of HOV's, spreading travel into less congested time periods, and removing trips all together
from the transportation system. Coordinating these activitieswith transportation management systems and incorporating
them into ITMSwill be critical to their success. This process has aready begunin someareas. For example, providing
by-pass lanes for HOV s at freeway entrance ramps and initiating express buses on the freeway were major components
of theinitial traffic management system on -35W in Minneapolis. There appear to be numerous opportunities to expand
the coordination between TDM/TCM programs and ITMS, however. Fully incorporating TDM/TCM programs into
ITMS represents a critical component to the multimodal focus and the ability to address the traffic, mobility, and
environmental concerns in metropolitan areas.

Parking Facilities

Currently, parking lots and parking garages are not covered in most transportation management systems in the United
States, although examples do exist in Europe. The few exceptions to this focus on park-and-ride lots associated with
freeway HOV lanes. In some cases, surveillance is provided at these facilities and at adjacent transit centers. Further,
the direct access connections provided from the 1-394 HOV lanes into the parking garages on the edge of downtown
Minneapolis are monitored as part of the Mn/DOT transportation management center.

Parking lots and garages should be incorporated more extensively into ITMS, however, based the importance of these
facilities to commuters and travelers. Theinclusion of parking lots and garages in ITMS would have a number of
benefits. First, the monitoring and surveillance of these facilities would enhance the safety and security of users.
Second, real-time information on the availability of spaces, as is done in some European cities, could be provided to
travelers well in advance of the different facilities. This would help reduce the need for drivers to circle looking for
parking and would reduce air pollution generated from these activities. Including parking facilitiesin ITMSwould also
assist with specia event management and could be used to support TDM and TCM programs focused on providing
discounted parking rates or preferential parking locations for HOV's.

Disaster Response Teams

Transportation management systems have played important rolesin helping to respond to mgjor disasters. Two recent
examples are the use of the systems and control centers in Los Angeles and San Francisco to coordinate the response
to the damage caused by major earthquakes. Incorporating the ability to accommodate disaster response teams into ITMS
should be considered in all areas. Thisisespecialy critical, however, in those areas susceptible to natural and man-made
disasters. These include areas prone to earthquakes, hurricanes, tornados, flooding, and major snow storms. Further,
areas with high risk industries or facilities, such as petrochemical plants, pipelines, nuclear power plants, and hazardous
wastes, should consider the need for disaster response teamsin the ITMS center. ITMS represents the logical approach
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to coordinated traffic management, evacuation, emergency services, and other functions necessary to respond to natural
and man-made disasters.

Commercial Vehicles and Private Operators

Existing transportation management systems monitor commercial vehicles as part of the general traffic flow. Specia
services or additional activities focused on commercial operators are not provided in most cases, however. A number
of approaches could be used to integrate commercial vehiclesmorefully into ITMS, benefiting al groups. For example,
providing real-time information on traffic conditions to commercial operators could help in planning travel routes and
schedules. Coordinating the permitting and state inspection processes with ITMS may also be possible. Many of the
ITS Commercia Vehicle Operation (CVO) applications focus on improving the permitting process among the different
states. ITMS could help facilitate these activities. Commercial vehicles could also act as traffic probes, providing
information on conditions on the roadway system. Finally, as discussed in more detail in the last element in this section,
specific information could be provided to commercial vehicles accessing major intermodal facilities, such as ports,
airports, and railroads.

Railroads

Railroads operate in most urban areas, providing an important means for transporting commodities and people. To date,
railroads have not been included in traffic management systems. There are a number of reasons why railroads should
beincludedin ITMS. First, athough railroads operate in exclusive rights-of-way, at-grade railroad crossings are found
inmany areas. The movement of trains through these at-grade crossings can have a significant impact on traffic,
especially during peak-periods. Second, the potential for accidentsinvolving automobiles, buses, commercial vehicles,
and trainsexists at any crossing. Third, derailments or other problems may occur along rail lines. These situations may
be further complicated if noxious or hazardous materials are being transported by the railroads.

As a result, railroads should be incorporated into multimodal ITMS. Coordinating ITMS and the advanced train
control systems (ATCS) operated by many railroads could benefit numerous groups. Better managing the timing of trains
with other element of the surface transportation would benefit the traveling public. For example, the railroad lines
located adjacent to the I-10 West Freeway in Houston significantly impact traffic in the corridor. Enhancingcoordination
among therailroad, the local street and signal system, and the freeway would enhance travel in the corridor. The safety
of motorist, the railroads, and residents in the area could also be enhanced. Possible approachesto integrating railroads
into ATM S are being examined in one of the research projects being conducted by the I TS Research Center of Excellence
at Texas A&M University.

Access to Ferries, Airports, Ports, and Railroads

As discussed previoudly, ITMS could play an important role in managing the access to ferries, airports, ports, and
railroad terminals by both commercial operators and the general public. Providing real-time information on the status
of roadways leading to these facilities is an obvious approach that would have significant benefits to all groups. This
could include providing information on travel times, travel speeds, and alternate routes. To be effective, however, a
two way flow of information is needed. Thiswould involve providing information on the status of operations at these
facilities to the appropriate groups. For example, truckers could better manage their schedules if they were aware of
delays or long lines to unload or load their cargo at a port facility. Further, travelers could be informed if ferry or
airplane arrivals and departures have been delayed due to weather or other situations, relieving anxiety about missing
corrections.

POTENTIAL TECHNICAL AND INSTITUTIONAL ISSUESWITH MULTIMODAL ITMS

A number of issues may be associated with planning, designing, funding, and operating a multimodal ITMS which
incorporates all of the modes and functions described previously. In general, the types of issues which might be
encountered can be divided into two groups; those that deal with technical concerns and those focused on institutional
problems. Technical issues can be further categorized into the system architecture requirements and the technologies
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utilized by different groups, functional integration, and |location and communication. Agency roles and responsihilities,
funding, and legal issues represent some of the more important institutional issues which might be encountered. Each
of these issues is described briefly in this section, along with approaches and opportunities that might help overcome
them.  Although many of these issues are similar to those involved with the development of any transportation
management system or related project, the multimodal focus of ITMS adds complexity and may make it more difficult
to resolve some problems.

Technical |ssues

A wide range of technologies are being utilized in existing transportation management systems.  These include loop
detectors, closed circuit television, video imaging, changeable message signs, highway advisory radio, and other
technologies. Further, research and development activities, operational tests, and early deployment projects are focusing
on the use of ITS and other advanced technologies to enhance the incident detection and response capabilities, as well
as the information sharing capabilities, of ATMS. The key technical issues which may be encountered in planning,
designing, and operating a multimodal ITMS are described next.

System Architecture Requirements and Technologies Utilized

A variety of technologies are being used in existing transportation management systems and additional advanced
technologies are being developed and tested. New technologies are also being utilized with the other modes described
previously. For example, many transit agencies are implementing automatic vehicle location (AVL) systems to help
monitor the location of buses. Advanced train control systems (ATCS) are used by railroads for similar train location
functions. Palice, fire, and EMS also use a wide range of technologies to support their functions.

Ensuring that the technologies utilized by the different modes and groups are compatible will be critical to realizing
the goal of amultimodal ITMS. Developing asystem architecture that will incorporate all of these modes and functions
can help in this effort. A system architecture provides a framework that identifies how the various system components
interact and work together to achieve the overall goals of the project. It describes the operation of the system, the
functions of each component, the information exchange between the various components, and helps to identify the need
for critical standards (8). A process is currently underway to develop a national ITS system architecture. This effort,
which is being funded by the United States Department of Transportation, should help address many of the potential
technology issues associated with the development of amultimodal ITMS.

System Design and Functional Integration

Even with the adoption of a common system architecture, additional steps will still be needed to develop the design of
aspecific ITMS and to integrate all of the necessary functions for the different modes. Thus, a number of issues will
need to be addressed with the system design and functional integration of amultimodal ITMS. Elements that may need
to be examined include the integration of different technologies, designing decision support systems, modeling and
simulation capabilities, database development and management, software design and development, and data and system
reliability. The issues and opportunities associated with system design and functional integration may be different in
those areas with existing ITMS and those developing new systems.

Location and Communication

The last major technical issue area relates to the actual location of the different components of the system and the
communication links between the various modes and elements of an ITMS. Establishing the communication network
and the links among the different functions and organizations represent critical elementsin the development of an ITMS.
I ssues may arise over the compatibility of technologies used by different modes, information processing procedures, and
system reliability. Communication technologies are evolving rapidly and ensuring that the appropriate technologies are
utilized will be important.
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Further, the issue of location will need to be addressed. A number of aternative location scenarios could be
employed. For example, a central control facility could be used, with al the modes and functions located in the same
building. Another option would be to utilize multiple sites, with information and control shared through the use of
advanced communication networks. Various combinations of these alternatives could also be utilized, with both a central
control center and communication links into individual agencies at remote locations.

Institutional |ssues

Institutional issues have been identified as potentia impediments with many types of programs, including transportation
projects. For example, institutional issues associated with transit joint development projects (9), HOV facilities (10),

and ITS operational tests (11) have all been documented. It has often been suggested that the institutional issues
associated with these and other projects are more difficult to address and overcome than the technical issues. Three of
the major institutional issues that may be encountered with amultimodal ITMS are described next. Possible approaches

for address these concerns are also outlined.

Agency Roles and Responsibilities

The development and operation of an ITMS which incorporates all of the modes and functions described in this paper

will require the involvement of numerous public agencies and private businesses. Coordinating the activities of these
diverse groups will not be an easy process. Numerous issues may emerge relating to the roles and responsibilities of
the different public and private organizations. In many cases, simply reaching an agreement to develop a multimodal

ITMS will be amgjor accomplishment. Other potential issues include sorting out the responsibilities of the different
groups, establishing working relationships among organizations that have not worked together before, selecting a lead

agency and project manager, establishing a process for resolving conflicts, and coordinating the activities of the various
agencies and businesses.

The sheer number of agencies and organizations that need to be involved in a multimodal ITMS may represent a major
challenge. Historically, state departments of transportation have been responsible for the development and operation of
most transportation management systems. Other groups, such as transit agencies, police, and other emergency services,
have become more involved recently in many areas. The inclusion of the modes and functions illustrated in Figure 1
will necessitate the involvement of even more public agencies and private groups. These may include toll authorities,
railroads, airports, ports, commercia operators, local governments, police, fire, EMS, state and national disaster relief
agencies, parking authorities and private parking facilities, special event organizers, and park agencies.

Getting these groups to work together and obtaining agreement on a common approach represent issues that may be
encountered very early in the planning process. Thus, establishing the roles and responsibilities of the different groups
represents a critical step. This can be difficult even with groups that have traditionally worked together, which is not
the case with most of the organizations noted above. The mix of public and private groups makes the situation even
more complex. Agencies may use different procedures, and the organizational cultures may vary greatly. Further,
uncertainty or mistrust may exist among various groups. Overcoming these concerns will be a critical step in the
development of a multimodal ITMS.

Issues may also arise in the selection of alead agency and a project manager. Although multiple groups will need
to be involved for ITMS to be successful, most projects have one agency or group with overall responsibility. Studies
of other transportation improvements have pointed out the importance of both a lead agency and a strong project
manager. As noted previously, the state department of transportation has usually taken the lead in the development of
existing transportation management systems. They may also be the appropriate lead agency in a multimodal ITMS.
Creating a new organization, charged only with developing and operating the ITMS, represents another possible
approach. Still another approach is to establish a multi-agency group, charged with coordinating the activities of al
groups. The use of combinations of these different approachesis also possible.

Studies of HOV facilities and ITS operationa tests have aso pointed out the importance of support from top
management and having a project champion to the success of a project (10,11)  Strong and visible support from the top
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management of all organizations will be critical to the success of amultimodal ITMS. In addition, a project champion
can greatly enhance the success of any venture, including ITMS. Key characteristics for a project champion, which may
be either an individual or asmall group, include being in a position of authority, an ability to influence the process, being
respected by others, and a willingness to take risks.  The development of a multimodal ITMS provides the opportunity
to maximize the resources of al groups.

Funding

Obtaining adequate funding for any transportation project is oftenamajor concern. Most significant highway and transit
projects are funded through a combination of federal, state, and local funds. Identifying potential funding sources,
developing afinancing plan, obtaining necessary approvals, securing the funds, and carrying out the financing program,
represent major steps associated with any project. These steps are not easy even with relatively simple projects and
become even more complex with amultimodal ITMS.

For example, the multiple agencies and groups described previously may al be participating in funding. The multiple
funding sources available for ITMS provides a real opportunity. The mixing of funds from multiple federal, state, and
local agencies may result in a complex grant application process, however, and may complicate grants management.
Adding private funding sources to this mix may further complicate the situation. Developing afinancing plan for a
multimoda ITMS will require not only specia skills, but also the close cooperation and coordination of the various

groups involved.

The increased complexity of the financing approach needed for a multimodal ITMS may lengthen the project
development and project implementation time periods. For example, funding and application cycles may differ between
various programs and agencies. Obtaining approvals from the multiple federal, state, and local agencies involved in
ITMS may require more time than if just one or two agencies were involved. Adding private funding sources into this
may further lengthen the time needed to secure the financing needed for a multimodal ITMS.

Although the involvement of multiple public sector agencies and private businesses adds to the complexity of funding
a multimodal ITMS, it also creates a number of opportunities. For example, it may be possible to spread the costs
associated with the development and operation of the ITMS out among more groups, |essening the financial burden to
any one agency. Further, the numerous groups involved increases the opportunity to leverage funding from multiple
sources. Private funds may be used to match public funding, increasing the total amount available for the project.

Recent activities at the federal level may afford further opportunities. The Intermoda Transportation Surface
Efficiency Act (ISTEA) of 1991 provides new programs for funding ITS, including those related to ATMS and ITMS,
and allows greater flexibility in the use of different program funds to respond to locally identified needs. ThelSTEA
established a new research program to promote the development and deployment of ITS and other advanced technologies.
Numerous activities related to ITS are underway through the coordinated efforts of federal, state, and local agencies,
private businesses, national laboratory, university research institutes, and other groups. These efforts, as well as the
increased flexibility offered by the ISTEA, may provide numerous opportunities for areas interested in devel oping
multimodal ITMS .

Legal

A number of lega issues may need to be addressed in the development and operation of multimodal ITMS. Potentia
legal issues include ensuring that agencies posses the necessary authority to implement the various provision of ITMS,
liability and insurance questions, and privacy concerns. Each of these represent complex issues which should be
examined early in the planning process.

The various agencies responsible for planning, designing, funding, constructing, and operating a multimodal ITMS
must have the legal authority to undertake all the necessary functions and activities. These may include the ability to
enter into interagency agreements and contracts with private business, purchase property and equipment, construct and
maintain buildings and equipment, and own and operate the various elements of the ITMS. The diverse public and
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private sector groups involved in a multimodal ITMS adds to the complexity of accomplishing all of these functions.
Changes in enabling legislation or other laws may be necessary to allow different agencies and organizations to fulfill
all of these activities.

In order to address many of these concerns, some areas have established new organizations charged with the
responsibility of planning and operating ITMS. Two examples of this approach are the Greater Houston Traffic and
Emergency Management Center and TRANSCOM in the New York and New Jersey area. More information on the
approaches used in these areas are provided in other resources papers.

Other potential legal issuesrelate to liability and insurance concerns.  Problems in these areas may arise in response
to actions taken by individuals in response to the information provided by the ITMS. For example, ligbility and
insurance issues may ariseif thereisan accident or property damage resulting fromtraffic being diverted from afreeway
onto an arterial street. In another possible example, liability concerns may arise in the routing of emergency vehicles
if the response time is deemed not fast enough by an injured party.

A last mgjor legal issue that may arise relates to privacy. ITMS will be able to monitor and track a wide range of
information, including the location of private automobiles, and thusindividuals. How thisinformation is used, especially
related to police and law enforcement activities as well as situations that individuals may feel invade their privacy, will
need to be addressed.

ALTERNATIVE IMPLEMENTATION STRATEGIES

There are a number of approaches that may be used to plan, design, implement, and operate a multimoda ITMS.
Examples of some of these techniques are being examined in more detail in other resource papers. Possible approaches
include expanding the roles and functions of existing transportation management systems, utilizing an existing agency
to lead the development of a multimodal ITMS, establishing agency partnerships with shared funding and management
responsibilities, and creating a new organization charged with the same responsibility. In addition, amultimodal ITMS
could be organized in a variety of ways. For example, al of the modes and responsible agencies could be located in
the same building or control center. Under another possible organizational scenario, they may be physically located in
different areas, but may share information and communicate through a variety of advanced technologies.

Regardless of the exact organizational structure used, there seem to be at least three basic levels that are appropriate
for consideration in the development of amultimodal ITMS. These levels relate to the sharing of information, facilities
and equipment, and control. Each of these represents a step toward greater integration, with the last level representing
atruly multimodal ITMS.

The first level focuses on the sharing of information and data among the various modes and organizations involved
in a multimodal ITMS. Inthissituation, the decision on how to react to the real-time traffic information and the specific
actions which might be initiated in response to an incident would be left up to the individual entities. At the second level,
the different organizations would share information, as well as facilities and equipment. This represents a step along
the continuum toward greater integration.

Finaly, at the last level, the various organizations would share not only information and facilities, but also contral.
In this scenario, specific actions could be initiated by different agencies in response to pre-agreed upon plans and decision
support systems. Thus, control over different elements of the transportation system would be shared among the agencies.
Accomplishing this sharing of control will not be an easy process, however, as it will require some agencies to share
their historic responsibilities. The institutional issues discussed previously will need to be addressed to accomplish this
last step.

CONCLUSIONS

This paper has examined the modes and functions to be incorporated into multimodal ITMS . It has provided a discussion
of the multimodal ITMS concept and the various components to be included in such a system. Potential technical and
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institutional issues that might be encountered in the development and operation of amultimodal ITMS were described,
and aternative implementation strategies were presented.

A number of areas will need to be examined in more detail to help advance the development and operation of
multimodal ITMS. Additional research examining the technical and institutional issuesidentified in this paper would be
beneficial in fostering the deployment of ITMS. For example, further research is needed on the development of a
common system architecture, as well as examining the issues associated with the design and functional integration of a
specific ITMS. Designing the decision support systems, communication protocols, and control strategies, represent other
areas where further research is needed.

A number of institutional issues should also be examined in more detail. |dentifying approaches to overcome potential
liability and other legal concerns will be critical, as will developing innovative partnerships among public and private
sector groups. The successful deployment of a multimodal ITMS will require changes in‘the traditional roles and
responsibilities of public agencies and private operators. Changeis never an easy process, and identifying approaches
to help overcome potential concerns would be valuable.

Although not examined in this paper, public acceptance will be an important factor in the ultimate success of
multimodal ITMS. Additional research on public attitudestoward advanced technol ogies, real-timeinformation, incident
diversion strategies, and privacy would be beneficia in the design of ITMS.  Examining the human factors issues
associated with the operation and use of the different components of a multimodal ITMS would also be of benefit.

Asdiscussed in this paper, the design, development, and operation of amultimodal ITMSwill not be an easy process.
Numerous opportunities exist, however, and possible technical and institutional issues can be addressed. The potential
benefits of amultimodal I TMS are well worth thetime and effort spent resolving these concerns, however. Incorporating
all of the modes and functions discussed in this paper into a multimodal ITMS will assist in ensuring the continued
vitality and economic health of metropolitan areas throughout the country.
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INTEGRATED TRANSPORTATION MANAGEMENT SYSTEMS
ENVIRONMENTAL CONSIDERATIONS AND ISSUES

Sarah J. Siwek, Sarah J. Siwek & Associates

INTRODUCTION

The Nation's transportation system has supported the economy for decades, but it has come under increasing pressure
due to limited capacity, poor connections between different transportation modes, and the rapid travel growth that
accompanies a robust economy. Inthe 1950's, with automobile use and traffic increasing rapidly as aresult of the post-
war boom, we initiated construction of the Interstate Highway system-the largest public works project ever, and one
which linked the United States from coast to coast.

That same approach to accommodating increasing travel and traffic in the 1990's is not feasible or acceptable; we
continue to experience long-term traffic increases beyond our capabilities to serve them because of our continuing growth
and increasing reliance on the automobile as our primary source of mobility. Although we are still building new
highways and expanding existing ones, we no longer can afford to build al the roads we might need-and even if we
could afford it fmancially, we cannot afford the other impacts of such an expansion.

So we are striving to manage the transportation system more effectively and efficiently through strategies which
include an increased emphasis on Integrated Transportation Management Systems (ITMS) approaches as well as advanced
technology applications such as Intelligent Transportation Systems (ITS). And, while the Intermoda Surface
Transportation Efficiency Act of 1991 (ISTEA) directly authorized more than $660 Million through Title VI for
Intelligent Transportation Systems (ITS), with the likelihood of very substantial expenditures of funds through other
program categories, the full potential of the more sophisticated of these systems will not be realized for many years,
Moreover, many of the ITS applications depend heavily on the successful implementation of ITMS, including many first
generation I TS applications, which are in place or being implemented in many locations throughout the United States.

For example, tracking and transaction systems for commercial vehicles fitted with sensors and Global Positioning
Systems, fully automated collection of tolls, automatic clearance of trucks at state borders, enhanced vehicles with
collision avoidance systems and other safety features, and automated highway systems such as the recently announced
consortium led by General Motors will not be fully operational for quite some time. Yet, integration of the various
components of existing systems and modes (the underpinning of ITMS) through applications such as smart traffic signals,
synchronized signal systemsin major travel corridors, and traveler information systems providing real time information
offers immediate and short term opportunities for ITMS to play a critical role in our ability to address congestion and
environmenta concerns in our urban areas. The potential of ITMS to fully integrate transit systems into traffic and
highway systemsis especially promising.

BACKGROUND

The results of the 1990 National Personal Transportation Survey (NPTS) (1) are revealing with respect to our increasing
reliance on the automobile and the opportunities for ITMS to play a critica role in our transportation systems of the
future. According to NPTS, household vehicles available from 1969 to 1990 increased 53 % and the total number of
household vehicles increased at a rate of 4% per year or 128 % over the 21 year period.

The number of households which had more than one vehicle available grew from 26.4% in 1969 to 38.4% in 1990,
a117 % increase or 3.8 % per year compounded annually. Similarly, the number of households with three or more
vehicles available increased from 4.6% of households in 1969 to 19.5% in 1990, an increase of 535%) a 9.2%
compounded annual rate of percentage change.

Over the 1969 to 1990 period, the total number of households increased by 49% while the number of household
vehicles increased by 128%. Further, from 1983 to 1990, steady decreases in household size brought more daily trips
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and longer trip lengths resulting in a 29% increase (3.6% compounded annually) in daily household vehicle miles
travelled from 1983 to 1990.

Concurrently, the number of daily person trips increased 58% from 1969 to 1990 with the number of person trips
by auto, van, and truck increasing 64% over the same time period. Alternative mode use for commuting such astransit,
bicycling, walking, decreased during this same time period while an increase in driving alone for commute trips
occurred.

Demographic trends al so affected increased travel. For example, people over 65 drove more often and for longer
trip lengths than ever before according to NPTS, resulting in an increase of 26 % in average annua person miles of travel
by individuals 65 years of age or older. These trends combined with established land use patterns will lead to even more
travel in coming years.

On aparalléel track with these growth trends, we are realizing more and more that for a variety of reasons, we simply
cannot continue to add capacity in traditional ways to our transportation system. Reasons for thisinclude: cost and
availability of land in our most congested areas, environmental concerns including noise, water, and air quality: and,
importantly, a growing realization among transportation professionals and policy makers at all levels of government that
building more and more lanes of capacity will never satisfy our collective desire for greater mobility. The more we
build, the more we need to build. Finaly, the cost of construction is prohibitive in an era when government finances
areincreasingly scarce and the existing maintenance and operations needs of the system cannot be met.  Enormous
backlogs in the maintenance and rehabilitation of our roads, bridges, and highways are commonplace in many areasin
the country.

All these factors combined lead transportation professionals to the conclusion that we must concentrate our collective
energies on identifying ways to better manage, maintain, and operate what we have in the most efficient manner. This
challenge is a central theme of the ISTEA and is fundamenta to implementing ITMS.

The Opportunities for Integrated Transportation Management Systems (ITMS)

The need for solutions to the complex array of problems which al point to more congestion also point to tremendous

opportunities for the development and implementation of ITMS  Yet, the delivery of such programs, from the policy,

political, ingtitutional, technical, and operational perspectives, is an enormous undertaking. And doing so in an

environmentally sensitive manner is an integral part of the challenge. The tools available to assist usin this endeavor

aretruly extraordinary, however. Specificaly, the advances in technol ogies available to the transportation sector to

address these problems coupled with the federal governments’ willingnessto invest heavily in technological applications
to ITMS provide a critical catalyst to bringing new technologies to market to help address truly enormous congestion

and environmental problems.

How do transportation professionals meet the dua challenges to deliver ITM S programs which address the full array
of environmental and congestion concerns in a cost effective manner in both the short-and-long term?  This paper will
discuss environmental issues related to developing and implementing ITMS for maximum efficiency and benefit of the
customers.

A Broad View of Environmental |ssues

Upon reflecting on events of the past few years in the transportation industry, it is clear that air quality issues have

served as a catalyst to changes in the methods and analysis techniques transportation professionals use to advise public

policy decisions on investments.  Air quality issues and immediate concerns about compliance with transportation
conformity requirements and other Clean Air Act mandates such as implementation of Transportation Control Measures
(TCMs) have tended to take precedence over much larger environmental issues and challenges to successfully

implementing ITMSin an environmentally sound menner In addition to the important objective of meeting the federal

standards for various air borne pollutants caused by mobile sources, other environmental concerns which need to be
consideredinclude:
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reducing generation of toxic and hazardous substances,

optimizing use of and decreasing overall consumption of energy resources and other natural resourcesin the
transportation sector,

advancing the cause of “ environmental justice” by improving environmental and economic conditions for
minorities and low income groups,

strengthening communities, improving neighborhood livability,

preserving historic and cultural resources, and reinvigorating central cities, and

preserving open space, scenic vistas, agricultural land, endangered species, wetlands, habitat and water quality.

In discussing environmental considerations, a broad view of environmental issues should be taken: one which recognizes
the broad array of environmental issues with which we should be concerned. Concurrently, we must take into account
therealities of widespread congestion, the devel opment patterns which have resulted in part due to our extensive highway
network, and the fact that automobiles are, for the foreseeable future, going to be the primary source of mobility in this
country. For even if the air quality problem can be addressed in large part through the application of various
technologies(e.g., electrically heated catalysts, reformul ated gasoline requirements, enhanced i nspection and maintenance
programs, theintroduction of alternatively fueled vehicles), transportation professionals must address the irrefutable fact
that ever increasing numbers of vehicles are filling up limited road space resulting in congestion levels that denigrate
overall system performance. It is the concern with system performance embodied in ITMS that helps us sharpen our
focus.

ISTEA requires that state and metropolitan area transportation professionals develop six Management Systems and
explicitly consider twenty-three and fifteen planning factors respectively. These requirements have, asthe ISTEA
intended, prompted transportation professionals and policy makers to recognize the broad implications of investment
decisions. These provisions have also caused usto think differently than in the past about how we design, construct and
maintain efficient and environmentally friendly transportation systems. The new orientation brought about by ISTEA
isthat the transportation system should serve the customers needs, not that the customers should be placed at the mercy
of the system. The question transportation professionals need to ask themselves on a regular basis is: are we serving
the public’s needs and desires by providing an efficient, well-integrated, and environmentally friendly transportation
system?

Environmental Considerationsin Implementing and Operating ITMS

ITMS approaches can be helpful to usin achieving our broad environmental objectives. The key to balancing our
transportation needs and environmental goals through ITMS liesin the design for and application of ITMS concepts and
practices. To succeed in this endeavor, environmental issues need to be carefully considered in two interrelated but
distinct phases of ITMS implementation. These are the planning, project selection, and design phase on the one hand;
and, on the other hand, the implementation, maintenance and operating phases.

Planning, Project Selection, and Design Phases of ITMS

The planning, project selection, and design phases of ITMS is the time to fully integrate all modal considerations into
projects and programs. For example, the needs of existing or future High Occupancy Vehicle (HOV) lane access and
egress need to be considered throughout these phases. Existing or future transit needs on the arterial or highway system
should be addressed. Priority treatments for transit have proven, in the U.S. and abroad, to be very successful to
encouraging transit use and can be effectively designed into ITMS. True multi-modal planning should consider al modes
which will be or could be operating on the same or adjacent Right-of-Way (or in the same corridor) such as light rail,
bicycling, rail or truck freight, and pedestrian movements.

Below are some specific suggestions for integrating ITMS into the overall transportation planning process which are
in part based on the results and recommendations of a recent study by the State and Local Policy Program of the
University of Minnesota's Hubert H. Humphrey Institute (2).
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Integrate ITS with on-going traffic demand management programs, livable community initiatives, and the

introduction of new information technologies such as traveler information systems.

» Ensurethat traffic smoothing investments are coordinated with travel demand strategies to improve the time
advantage to non single-occupancy vehicle (SOV) travel.

» Provide incentives for non-SOV travel including: ramp metering by-passes, signal preemption, and preferential
treatments for transit and HOV vehicles.

» Ensure priority is provided for transportation demand management strategies which promote mode shifts.

» Promote the integration of remote sensing and other emission detection strategies into ITM S technologies.
Include representatives of stakeholder groups in project planning and program development to get their input and
buy-in to the deployment plan and focal points of your ITMS program or project.

» Collect emissions and travel behavior data on ITMS projects in order to assess the true environmental impacts
and mode shift effects.

» Consider future plans or prospects for traveller information systems and how the ITMS support the data needs

of such systems.

These are all examples of how fully integrated I TS depends on ITMS being implemented with an eye toward the future.
All parties involved with the design and selection of projects need to consult a broad array of modal interests on their
plansif the ITMS system is going to properly address both current and future transportation needs and environmental
considerations.

Environmental Issuesin Operating and Implementing ITMS

Theimplementation, operating and maintenance requirements of the systems must be identified in order to ensure proper
consideration of environmental impacts. The implementationof complex computer systems and equipment will not allow,

in and of itself, the transportation sector to realize its full range of objectivesin implementing ITMS. For example, if
the objective of asystem istraffic flow uninterrupted at 30 miles per hour, the system needs to be continually monitored,
maintained, and properiy operated to achieve that objective. The difference from an air quality perspective, of free flow
vs. stop and go congestion can be significant and implementers and maintainers of the system need common agreement
on their operational objectives vis. a vis project and program delivery. This points to the need for sufficient training
and anticipation of operating requirements, on-going operations monitoring, and consensus among policy makers and

transportation professionals on the objectives of ITMSimplementation.

One example of the complex policy trade-offs which need to be addressed relates to the recent emergence of
information concerning the relationships between emissions of Nitrogen Oxides (NOx) and highway speeds. This case
also illustrates the complexities of air quality chemistry and interactions among pollutant types as well as the lack of good
toolsfor credible analysis of theseinteractions. Nevertheless, until better tools are available and understanding of these
relationships advanced, the following issues should be considered in planning for the implementation and operations of
ITMS.

NOx emissions vary considerably with speed and heavy duty trucks are amuch larger source of NOx than any other
type of on-road vehicles. With respect to cars, emission factors (based on EPA MOBILES5 model) decrease with
increasing average speed in the range of O-15 miles per hour. Thus, at constant VMT, speed improvement strategies
in extremely congested areas may yield NOx emission decreases. Emission factors gradually increase, however, with
increasing average speed in the mid-speed range of 1545 miles per hour. For constant VMT in this range, speed flow
improvements generally reduce VOC emissions but may increase NOx emissions. According to the MOBILES model,
NOx emissionsincrease sharply with increase average speedsin the high speed range (greater than 45-50 miles per hour).

The overall impact of transportation projects on NOx emissions will depend on the project-induced changes in the
VMT distribution among the various speed improvements. In order to minimize increased NOx emissions due to speed
flow improvements (many of the first generation of ITMS applications) and reduce VOC emissions, one could strive to
increase speeds beyond the 15 miles per hour range but attempt to hold speeds on average at no greater the 45 miles per
hour. Thus, the desire to improve traffic flow through ITMS applications while reducing or having a neutral effect on
emissions presentsdifficult trade-offs. The political and institutional will to make these trade-offs can only be decided
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at the local level where al variables can be taken into account.  This example also illustrates that transportation
professionals must be able to explain these trade-offs to decision makers when advising them on ITMS investments.

Importance of Effective Operating and Maintenance Policies

With respect to on-going maintenance and operations efforts to date, a March, 1994 GAO (3) report on the use of traffic
control systems to reduce congestion revealed that in areview of 24 signal systems nationwide, the FHWA found that
21 systems (88%) did not meet the minimum standards of performance and that some |ocalities were designing systems
that were outdated or did not meet their needs. In addition, the Institute of Transportation Engineers (ITE) estimated
in 1989 that 74 % of the 240,000 signalized intersections in the nation’s urban areas needed upgraded physical equipment
or improved signa timing. These problems are currently preventing regions from achieving the optimum results; the
implications for the future may be even greater because of the reliance on these systems of the emerging ITS
technologies. Interestingly, an increasing amount of federal funding is being used for traffic control systems(1991-$221
Million, 1992-$289 Million, and 1993-$503 Million) and hopefully some of these funds are being used to address
problems identified in the GAO report. Since the Congestion Mitigation and Air Quality Program (CMAQ) program
fundmg began in 1992, a considerable proportion of CMAQ funds have been used for ITMS investments.

Benefits of Properly Designed, Operated and Maintained Systems

The GAQ report also confirmed that properly designed, operated, and maintained traffic control signal systems can yield
significant benefits both along the corridors in which they operate and aong adjacent corridors.  These benefitsinclude
congestion mitigation, reductions in air pollution, reductions in accidents, fuel consumption, and travel time.

Oneillustration of benefits is Automated Traffic Surveillance and Control (ATSAC) System in Los Angeles where
the City of Los Angeles reports that the system reduced travel time (in the areas covered by the system) by 18 %, signal
delays by 44 % , vehicle stops by 41%) fuel consumption by 13 %, and air pollutants by 14%. During the aftermath of
the earthquake in Los Angelesin Spring, 1994, the benefits of the system were apparent from the first day when the City
and Caltrans immediately used the ability to dynamically control and synchronize signals in the Santa Monica Freeway
(1-10) corridor to manage more than 434,000 person trips per day affected by the collapsed segment of the Santa Monica
Freeway.

According to the GAO report, in Orlando, Florida, an analysis of a new signa system implemented in 365
intersections showed $2.2 million in fuel savings per year, a 56% drop in both vehicle stops and delays, and a9 to 14%
reduction in air pollutants. The State of Washington analyzed the benefits of upgrading and coordinating signal control
equipment and re-timing existing signalsfor six signal systems. These studies showed annual fuel reductions of 295,500
gallons and annual reductions in vehicle delays of 145,000 hours. In Virginia, a recent study showed that re-timing
several signal systems reduced delays by 25.2 % , stops by 25.5 % , travel time by 10.2 %, fuel consumption by 3.7 %, and
air pollutants by 16 to 19%.

These cases demonstrate that the environmental impacts of ITMS can be beneficial: however, our data collection and
analysis tools are weak and we need to better monitor, evaluate, document, and understand the impacts during
implementation as well as consider the potential impacts during the planning, project selection, and concept design.

CONCLUSIONS

Many opportunities exist for ITMS to play a critical role in both short-and-long term solutions to transportation and
environmenta problems.  Practitioners and policy makers aike must work toward a more inclusive transportation
investment decision-making process however; a process which allows all partiesto provide input and consider trade-offs
where they exist. These enhanced interactions will alow for environmentally sound ITMS applications and new
investments to be made, and for ITMS to successfully open the policy and funding doors to the more sophisticated ITS
applicationswhich areincreasingly available to the transportation community. The realization of the benefitsthat ITMS
offer as critical elements of solutions to transportation and environmental problems is_dependent on the community of
transportation and environmental professionals working together to provide the leadership necessary to change the old
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way of doing business and move on to a more environmentally proactive posture when considering transportation
investments. Effortsto foster good working relationships have been initiated in many forums since the adoption of the
Clean Air Act and the ISTEA. The importance of creating opportunities for transportation and environmental
professionals to interact on an ongoing basis cannot be overstated.  In the fma analysis, successfully meeting the
challenges of the ISTEA to maximize system efficiency and address environmental issues in an open decision-making
process rests upon people making the commitment to work together toward these dual objectives.

CONCLUSIONS

1. National Personal Transportation Survey, Summary of Travel Trends, FHWA-PL-92-027, U.S. Department of
Transportation, Washington, D.C. (March, 1992).

2. IVHS and the Environmen